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The Dedication, 


[ord/hip in your Mathematical Studies 
aboard of the ſaid Ship, and his Lordſhip 
after his Return to England, being plea- 
ſed fo Accept and Ap prove of a Dedication 
of this Book of Navigation: I humbly 
crave Leave to do my ſelf the additional 
Honour, to male an humble Offering of 
this third Impreſſion to the Patronage of 
your Lordſhip, and to continue it under 
the ſame Noble Family and Title, where 
it has been ſo much encouraged, and beg 
Leave to be allow d the Honour to ſub- 


ſcribe my ſelf, 
My Lord, 
Your Lordſhip's moſt Humble, 


And moſt obedient Servant, 


HENRY WiLSON, 
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Courteors Reader, 


HE general Approbation that this 
Book has met with, both in the Navy 
and amongit Merchants Ships, hath 
encouraged the Bookſellers, not only 
to Print a large Number, but alſo to 

80 _ be at the Charge of the Addition of 

ON. Spherical Trigonometry, Aſironomy, &c. and engraving 


all the Cuts upon Copper Plates, with ſuch 1 
8 Im- 
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Improvements, as might be thought neceſſary to make 
it a Compleat Treatiſe of Navigation. But it there are 
yet ſome in the World, that not being capable of Im- 
18 themſelves, envy what is ie by others: 
et ſuch conſider, that there is Room enough for 
every induſtrious Navigator, to employ his Talent that 
Way: Nor is it poſſible to conclude, that Navigation 
is arrived at its ne plus ultra, ſo long as Longitude re- 
mains to be ſuch a puzling Subject to our beſt Ma- 
thematicians, eſpecially now, in a Day when the Par- 
liament has been plcas'd to offer ſuch a liberal and 
lentiful Gratuity to him that ſhall firſt diſcover it: 
For the ſupplying of which Want of an exact Method 
to find the Longitude, I have, towards the latter End 
of this TT reariſc, inſerted a very uſctul Method for 
finding the Longitude by the Sun, any Day at Noon, 
when the Sun can be ſeen: But to wave this Subject, 
we find that Mathematical Studics did hitherto, and 
do yet admit of Improvement: For in lormer Limes, 
when Mathematical ciences were in their Non-Age 
and Minerva's Fruit did not grow in ſo many En2/: 
Gardens as it doth now, it was thought (and indeed 
was) an extraordinary Attainment in 'I'rigonometrical 
Operations, when the Antients tound out the Way of 
applying Right Lines to Arches of Circles, which we 
call Sines, I angents, and Secants, and could thereby 
perform their Trigonometrical Calculations, altho' 
with the vaſt Trouble of multiplying by 5; 6, , or 
8 Figures, which took up a large Quantity both of 
Time and Room; but this Manner of Operation 
was much ſaciliated by my Lord Rapier's admirable 
Invention of Logarithms, withthe Improvement of Mr, 
Henry Briggs, the uſe of which is now ſo common, 
that he would be thought but a ſlender Mathematici- 
an, that knows no other Way of Operation than by 
Multiplication and Divifion, the Trouble whereot is 
| BOW 
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now thought intolerable : To this we may add the 
Invention of Gunter*s Scale, both long and ſliding, up- 
on which, with a Turn of a Pair of Compaſſes on the 
one, or only removing the other, are performed thoſe 
Propoſitions in Trigonometry which formerly required 
Abundance of Figures in the Operation; but all this 
not being thought ſufficiently expeditious at Sea, there 
have been alſo invented Tables ready calculated, 
called Traverſe Tables or Tables of Difference ot 
Latitude and Departure, wherein, by Inſpection only 
you may anſwer any Queſtion in any of the ſix Caſes 
of Plain-Sailing,and alſo find the Difference of Longi- 
tude, as is taught at large in this Treatiſe : But of all 
the Improvements "5, Fox been made, I never heard 
of any that ever attained to a Method for ſolving all 
the. Caſes in Trigonometry, and Practical Navigation, 
diz. the Kceping of a Reckoning both in Latitude 
and Longitude, with ſufficient Exa&neſs, without 
any Tables, Books or Inſtruments, or any other Help, 
but only Pen and Ink, or a Piece of Chalk; and this 
is what I have preſented to the World in this Trea- 
tiſe, and which I take for granted was never Taught 
nor Printed before, excepting that Proportion by 
which I have wrought the ſixth Caſe of Plain Sailing 
by the New Method, which we find hinted at by Suel- 
lius, in his Cyclometria quoted by Mr. Collius, in his 
Book entituled, The Plain Scale New Plain'd, Ec. in 
the Title-Page of which Book he enumerates amongit 
the reſt of the Contents, Arithmetical Navigation, or 
Navigation performed by the Pen, if Tables were wanting, 
Oc. at the firſt Sight ot which I thought my Deſign 
had been anticipated, till looking further into the 
Book where he is upon that Subject, (v:z. in Page 118 
of the firſt Book) 1 find he touches upon no more but 
only that Caſe, where three Sides of a right-angled 
Triangle are given (or tound) to find an Angle; 60 
in 
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(in Page 120) ipcaking ot that Cafe of one Side, and 
two Anglcs given, to find the other Sides, he ingenu- 
outly owns, that it cannot be done without a Table of 
dines, and this is What I hae laid down in this" 'rea- 
tile, viz, The Solution of all the other five Caſes of 
Plain Sailing, or any other Operation that depends up- 


on a 1night-ang'ed plain Triangle, with as much (it 


not more) Eaic and Exactneſs as that is perform'd 
there, which encouraged me to proceed to the com- 
picating of that new Method, which 1 deſign'd thould 
only have been the Subject of this I reatite, when I 
firſt thought of appearing in publick. But ſuppoſing 
that thoſe who had Icarn'd the whole Art of Naviga- 
tion, both Geometrical, Trigenometrical, and Infirumen= 
tal, as it is commonly taught in Schools, and practis'd 
at Sea, would be diſcourag'd from buy ing the Book, 
when they found nothing in it that they had formerly 
learot. Therefore, tor the Sake of ſuch, and to make 
the Book uni verſally Ulctul, I reſolve to make it a 
compleat Treatiſe of Navigation, as perſorm'd, 


Firft, Geometrically, by Projection, with Chords 
and equal Parts. 


Secondly, By Trigonometrical Calculation, by Lo- 
garithms, Sines and Tangents. 


Thirdly, By Inſpection, in the 'T raverſe-Table. 
Fouurthly, Arithmetically, by Given Numbers. 
iii, Inſttumentally, by Scale and Compaſſcs. 


Sixthiy, By the new Method, with only Pen and 
Ink. p 


Leſily. 


ly. 
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Laſily, Practical Navigation in ſeveral Parts; as, 


Firſt, How to find the Variation of the Compaſs 
by an caly Nethod, without "I'rigonomctrical Calcu- 
Jation, Azimuth, or Amplitude, whereby they that 
Can ncither write nor rcad may do it as well as the 
beft Mathematician. 


Secondly, How to divide the Log-Line, and Rea- 
ſons given tur the Length al ud tor one Knot 
thicrcul. 


Thirdly, The beſt Method for Taking and Work- 
ing an Obſervation, contracted into our Caſes or 
Varictics, which anſwers all ÞFluccs iu the World, 


and all 'I inies ot the Year. 


Fearthly, How to reckon the Tides, by a Me- 
thod ſo caſy, that you may thereby find the Time of 
High- Water at any known Port, only by a Sight of the 
Moon, at any Lime of the Day or Night, iliuſtrated 
by a Diagram, or Figure, in which, indecd, to have 
been exact, the light Part ot the Moon's Body ſhould 
have been deternaned by Ellipiis's, and not by Arches 
ot Circles, as is cvident irom the Analcmma, it we 
compare the Folition of the ye, with reſpect of the 
Moon, with the Polition of the Eye with Reſpect to 
the Orthographick Projection; but I have contented 
my ſelf with theſe circular Diviſions, becauſe they 
are caſier periormed, and ſerve as well to illuſtrate 
the Matter tor which they are projected. 


And here by the Way, we may take Notice of 
one Obſeryation with Reipcct to the Tides, though 
| tor 
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for ſome Reaſons omitted in its proper Place, viz. 
Whether the Moon in Perigeon, by Reaſon of her 
Nearneſs to the Earth, may not have a greater 
attractive Influence upon the Water ; as alſo whe- 
ther a greater Congreſs of Plancts about the Sun 
or Moon, at the New or Full Moon, may not 
conduce ſomething to the Augmenting of the Tides, 
by contributing their (tho' but ſmall) Attraction, 
when other more ſubſtantial Reaſons there men- 
tioned do concur; and this I am rather induced to 
believe, becauſe the Truth hercof has been confirm- 
ed to us by an Inſtance within the Reach of our 
own Experience; for at the New Moon in September 


1509. There was ſuch a Confluence of Natural 


Cauſes of the Tide: For firſt, the Moon was then 
with the Sun. Sccondly, it was the Lunation next 
alter the Autumnal Equinox. "Thirdly, 'T he Moon 
was at or ncar her Perigeon. Fourthly, The three 
Planets Mars, Venas and Mercury, were all within 
leſs than 30 Degrees of the Sun and Moon; yea 
ſome within 15 Degrees, and Jupiter was within 35 
Degrees of the Sun and Moon, and this Lunation 
was attended with ſuch exuberant Tides, that in 
the low Ground in Yorkſhire, over againſt Stockton, 
Here the Tide never comes but in very high 
Spring Tides, it flowed 2 or 3 Foot Water, and 
doubtleſs at other Places it was proportionable, 
which ſeems to confirm the Truth of this more than 
probable Conjecture, and render it worthy the Ob- 
iervation of rhe Ingenious. 


Fiz! dy, How to make your cwn Charts for any 
Voyage ieveral Ways. 


Lajily, The Application ot the whole to the a- 


&ual Keeping of a Reckoning beth in OT and 
on- 


e fd fur! 
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Longitude, ſailing large, or upon a Wind; and how 
to make all proper Allowances tor Lee-Way, Vari- 
ation, Cc. and how to correct your Reckoning by 
an Qbſcrvation, with Reaſons and Demonſtratious 
of the different Ways of doing it. One and the 
ſame Day's Work in the Journal, as well as one 
end the fame Queſtion cl{cwhere in the Book, be- 
ing pertorm'd both by the common Method, and 
ao by the New Method, that the Reader may ſce 
the 'I ruth and Certaiaty thercot. 


With Directions, ſhowing how to proj ct and 
anſwer the various Cairs ani Queſtions relating to 
Currents, with other uſciul Qucitions, and a 
Method for finding and correcting the Longitude 
without the Help oi the dead Reckoning. 


Ard that the Book may not be impericct, or 
inſcriour to any ot its Kind. and Volumn, 1 have 
added the neceſſary Problems in Spherical Geometry, 
with the 25 Caſes of Spherical Triang/es, and the 
Dcmonttration of the Concluſions, by which ſfeve- 
ral of the Oblique are performed, deduced trom 
the Catholicx Proportions made uſe of in the 16 
Caſes of Right Angled Triangles: I have alſo gi- 
ven Directions for the Solution of Quadraucal 
Triangles, and the Application of the whole to ſo 
much Practical Aſtronomy, as is uſetul in Naviga- 
tion; all which is what was not in the ſormer Im- 
preſſion. f 


And although here are Ways propoſed tor Anſwer- 
ing all neceſſary Caics in Navigation without Loga- 
rithms, Oc. yet to make the Book univerſally uſe- 
ful, and as much as can be to anſwer the End of all 
Buyers, as well the Learner at School, as the ac- 

com- 
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compliſh't Mathematician in his Trigonometrical 
Operations, I have added a correct Table of Lo- 
garithms, Sincs and Tangents, and ſome other uſe- 
tal Tabics which concludes the whole. Thus den- 
ring a favourad!, Conſtruction to be put upon what 
Faults may cicape either the Pen or the Preſs; I 
Queſtion not the noble hearted Sailors Acceptance; 
and that it may be a Benefit to the Buyer, a 
Help to the Learner, a fit Companion for the Ma- 
rincr, and a Credit to the Author, is the Deſire, of 


Yours to Serve you, 


HENRY WILSON. 
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Navicatioun Geometrical. 
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Geometrical Problems. Chap. 1. 


Line) and one Foot in the given Point A, croſs the 
given Line in þ and c; then with any Diſtance more 
than half the Diſtance between þ and c, and one Foot 

in þ draw the Arch d, and with the ſame Extent, 
Fiz.2. and one Foot in c, croſs the ſaid Arch at 4; then 

lay a Scale from the Point A to the croſſing of 
the Arches at d, ſo draw the Line AE, which is the 
Perpendicular required. 


PROB. III. How to rai/e a Perpendicular upon the End 
of @ given Line. 


With your Compaſſes at any Extent, and one Foot in 

the given Point A, make a Mark at any conveni- 

Fig.3. ent Piſtance above the Line, as at þ; then keeping 

one Foot in the Mark I, with the ſame Extent croſs 

the given Jine at c, and turning your Compaſſes about, 

make the Arch 4; then lay a Scale from the croding at c 

to the Mark at 3, and make a Mark where it croſſes the 

Arch d,; ſo a Line drawn from that Inter ſection to the 
Point A is the Perpendicular required. 


PROR. IV. How to Jet fall a Perpendicular upon the 
Fl of a given Line, from any given Point over the End 
cf the ſaid Line. 


y, 


Draw a J ine from the given Point A to interſect the 


given Line at any convenient Diſtance, as at þ; 
Fig. 4. then divide the Line 4“ into two equal Parts 

at ©; and upon c, with the Extent c A, or 3, 
croſs the viven Line in 4; then a Line drawn from the 
viven Point A to the Interſection at 4, is the Perpen- 
Gicular required. 


PROB V. 7; 9:40 e Line parallel to another Line ai 
any given Diftance. 


Tike in your Compaſſes the given Diſtance, and with 
one Foot in the given Line, towards each End 
7% g. Of it, draw the two little Arches 2 and þ ; a Line 
drawn from the Extremity of theſe Arches is 

the Parallel required. 


PR OB. 


1 
J 
1 
\ 
A 
K 
a 
C 


Set, 2. The Conſtruction of the Sines, Kc. 3 


PROB.. VI. To bring any three Points (not fituate in 
a rizht Line) into the Circumſerence of a Circle. 


Suppoſe the three Points be ABC; firſt take more 
than half the Diſtance 4B, and with one Foot in 4 
ſweep an Arch; then with the ſame Diitznce, and one 
Foot in B, draw another Arch to crof> the aforeſhid Arch 
in the Points 4 and e; then with more than half the 
Diſtance BC, and one Foot in B, draw the Arch g , and 
with the ſam< Diſtance, and one Foot in C, draw 
an Arch to croſs the aforeſaid Arch in the Points Fig. 6. 
g and &; then draw the Lines ea, and 4g h, 
and where theſe Lines croſs, as at 2, is the Center of the 
Circle required. 


Ser., II. 


The Conſtruction of Sines, Sc. 


EVery great Circle is (ſuppos'd to be) divided into 
360 equal Parts called Degrees, whereof the half, 
or Semicircle, contains 180 Degrees, and the Quarter or 
Quadrant is 90 Degrees, and upon one Quadrant is pro- 
jected the Sines, Tangents, He. | 
The Radius is the Semidiameter of a Circle, upon 
which the Projection is made; as 4 K, or A go, or AS, 
is the Radius of the projected Diagram, and is commonly 
ſuppos'd to contain 10000 equal Parts. 

A Sine is a Perpendicular let fall from the given De- 
gree to the Baſe or Semidiameter of the Circle; as the 
Line g zo, is the Sine of 30 Degrees, and the Line þ $0, 
is the Sine of 80 Degrees, c. the Sine of go Degrees 
is equal to the Radius. 

A Tangent, or Touch-line, is a Perpendicular erected 
upon the End of the Semidiameter, juſt ſo as to 
touch the Periphery of the Circle: Thus the Line Fg. 7. 
Aris a Tangent Line. The Tangent of any De- 

2 gres 


TT mx 
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greg 13 the] iftance from the Beginning or Foot of the Tan- 


cent Line to that part of it where a Line, drawn froin 
the Center over the given Pegree, cuts the Tangent 


Line: Thus the Part of the Tangent Line k Þ is the 


Tauzent ot 30 Degrees. The Tangent of 45 is equa! 
to the Rodius. 

A Sccant is a Line drawn from ite Center through the 
given Degree till it interſect the Tangent Lins: Thus 
the Line p is the Secant of 30 Degrees. The Secants 
Yezin at the Radius, and proceed to Infinite. The Sccant 
vi © Degrecs being equgi to the Radius. 

X Chord is the neareſt Diſtance in a ſtrait Line be. 
twern any Quantity of Degrees; or irom o Degrees to 


the Degree whoſe Chord is required: Thus the Line 5 


QI is a Line 01 Chords, and the Diſt nce 8 30 Upon that 
Line is the Chord of 3o Degrces, Sc. The Chord of 
Go Degrees is equal to the Radius, and hence it is, that 
the Chord of Go, commonly called the Sweep of 60, is 
generally taven in the Compaſſes to draw any Great 
Circle, or Arch ot a Circle, whoſe Quantity in Degrees 
is to be mezfured. | 

The Sine-complement of any Arch, is the Sine of the 


Complement of that Arch to 90: Thus the Sine-com- 


plement of 30 Degrees is the Sine of Go, and the Sine- 
complement of 70 is the Sine of 20, Sc. And in the 
Diagram, the Line V 40 (equal to the Diſtance Af upon 
the Baſe) is the Sine-complement of 30 Degrees, and fo 
in others. 

A verſed Sine is a Segment of the Baſe, contain'd be. 
tween the Sine of the Degree and the End of the Baſe 


where the Tangent Line begins, thus the Segment of 


the Baſe ek is the verſed Sine of 30, S. 

From this Projection is deduced the followns Axioms 
for the Solution of all the Cafes in plain Trigonometry ; 
and which (it well underſtood) are the Ground of the 
whole Art of Navigation, fo tar as it depends upon plain 
Triangles, and is folv'd Ly a Canon; which 1 thall firſt 
ſhew in the following Caſes, and then proceed to ſhew 
how it may be done without 


AXIOM 


=. FY a4 40: a. 
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AXIOM I. 
In ell right-angled plain Triangles, if one u. he 
made Radius, the other Sides will h- Sin-, Sine- 


complements, 'Tangents, or Secants, as is evident fee 
the Diagram; for, 

Suppoſe in the Diagram the Triangle {1p +, her *he 
Side Ak is the Radius, and the Angle at 4 _— £0 Ve. 

grees, the Side pK is the Tangent of 50, and the Hypo. 
tenule Ap is the Secant of 5o; and whit Proportion 
the Nalius hath to the Side Ak, the ſame Proportion hath 
the Tangent cf 50 to the Sie 4, and the ſame Proportion 
bath the Secant of 5o to the Hypotenuſe p. 

Acain, if yoa will make the reset Raq us, and 
ſuppoſe the Angle at A be 40 Degrees; then in the Na- 
-ram it is repreſented by the Triangle 4 # 40, and then, 
ihe Side f 40 is the Sine of the Angle at A, and tc 
Side Af equal to 40 is the Sine-complement of: 
Angle at J, and then what Proport.on the Hv potenus 
bath to the Rad us, the ſame Proportion will the Sid 
10 Fhave to the Sine of 40, and the ſame Proport on w {1 
the Side Af have to the Sine-complement of 40. &c. 

and from this Proportion proceeds the ſecond Axiom. 


ne 
D 
ie 


AXIOM II. 


In all plain Triangles the Sides are proportionable to t 
vines of their oppoſite Angles, and the co trary „ 2 in 
the Diagram in the Triangle above-mention'd, ' © 
it is demonſtrated, As the Radius or Sine of 98 
Hy potenuſe, or Side oppolite ; ſo is the Sine ot 45 
Sue oppoſite to the Angle at A, Se. 

This Proportion, commonly call d Oppolite _ JAP 
r Ang! Wh holds true alſo in oblige plan Tran 
les; only obſerve, That where yOu have an obtuſe 
Lie, . more than go Degrees, the Sine oft s fun. 
by ſubtracting the obtuſe Angle from 180 3 Er 
Sine of the Remainder is the Sine of the obtn'e 
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Axioms in Trigonometry. Chap. 1. 


AXIOM III. 


In all Triangles, as the Sum of the Legs of any Angle 
is to their Difference, ſo is the Tangent of half the Sum 
of the other two Angles to the Tangent of half their 
Difference; and therefore, 

When there are given two Sides, and an Angle l 
to find the other Angles, the Proportion is, 

As the Sum of the Sides to the Difference of the Sides, 
ſo the Tangent of half the Sum of the unknown Angles to 
the Tangent of half their Difference, which halt Difference 
added 10 che half Sum, is the greater Angle, and ſubtracted 
ſerves the leſſer. 


AX IO INI IV. 


In all Triancles, as the Baſe or greater Side, to the 
Sum of the other two Sides, ſo the Difference of the Sides 
to the Difference of the Segments of the Baſe, which 
Difference ſubtracted from the whole Baſe, the Perpen- 
dicular falls in the Middle of the Remainder ; and ſo the 
oblique Triangle is reduced to two right-angled ones, 
and may be wrought after the fame Manner. 

By theie Axioms are all the following Caſes of plain 
Triangles ſolved; in which obſerve, In right-anglcd 
Triangles, the two Sides including the right Angle are 
called Legs or Sides, or ſometimes Baſe and Perpendicu 


lar; and the flope Line is called the Hypotenuſc, Sc. 
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SECT. III. 
Plain Trigonometry Geometrical. 
Plain Trigonometry Right-angled. 


CASE I. The Hypotenuſe and one acute Angle being 
given (conſequently both) to find either Leg. 


Note, FN all plain Triangles the 3 Angles make up 180 
Degrees, therefore in all right. angled Triangles, 
becauſe the inh. angle is always go, "the Sum of the other 
evo Angles is alſo 00; and therefore ſubtract the acute 


Angle given from 90, the Remainder is the other acute 
Angle. 


Given Hypotenuſe AC 550 

The Angle at 4 35d. om. Fig. 8. 
Required the Leg AB Toys 
And the Leg BC. 


r. In this, and all other Caſes, draw the Baſe AB at 
Pleaſure. 

2. With the Chord of Go, and one Foot in 1 ſweep 
the Arch 4c. 
3. With the Chord of the given Angle 35, and one 
Foot in 4, with the other Foot croſs the Arch at e. 
4. From A through e draw the Line 4C, upon which 
ſet off the Hypotenuſe 550 from A to C. 

5. From C let fall a Perpendicular upon the Line AB 
to cut it in B, and 'tis done. 

The Leg AB meaſured on the ſame equal Parts from 
which the Hypotenuſe was taken, will be foynd to be 
450: 5, Dig. 450 and an halt, and the Leg BC is 315: 5. 
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Ss Plain n Geometrical, Chap. 1. 
CAS EII. Gives ihe Argles and Leg, to f nit be Hypoteuuſc. 
Given the Angle. // ——ä— 7955 
Fig. 9. the Leg 13 — 449 


Reguir'd the Hypotenuſe 4. 


. Draw AB 445. 
With the Sweep of Co, and one Foot in 7, draw 
the Ae h 4 c. | 
3- With the Chord of the {ven Angle, and one Foct 
in 2, ſet off the given Angle 33! 45m from d to e. 
4. From B ercQ a Perper dicular BC. 
8. 1 18 Aaad 8 draw the Hypotenuſe , till i: 
crofs B.. in ( 3 and 'tis done. | 
The 11 ypote! nuſe /C mcaſureJ on tle Scale of cual 
Parts will be found to be 5 


N. 


— 


CASE III. Gige 1 the Augl 52242 Leg, to fin! the other La. 2. 


4 
Given the Angle 334 4518 
the Les AP — 249 | 
Required the Leg BC. 2 
This is lail down as Caſe II, the ſame Things being t 
gwon, and the requir'd Leg 3C being meaſured will be 
toumd to be 308. 
CASE Iv. Giventhe Hypotenuſe ante Leg, to find 01 ng: 
Given the Hypotenuſe 4C 540. 
Fig. 70: the Leg 18 440. 
Recuir'd the Angle at A. 
4 
1. Draw 47 at Pleaſure: 
2. Upon 4B ſet off the given Leg 449, from A to H 3 
From B erect a Perpend: Fw, 3 
4. Win the Hy potcnuſe 540, and one Foot in A croſs mY 
the Pærpenicularf BC ant. — 
. From the ſaid croſſing to 4 draw the Line C. 4. " 
6. With the Sweep of Go, and one Foot in 4, draw 2 
the Arch „e, and dis done. | fo 
The Arch /e meaſured on the Chords gives 334 45% # 
E. 


the Angie record 


CASE 


. 1. 


C /s FA (>, 


is 


1 * 


bar ins btb the ſame things given may be called the fecont!, 


SeA. 3. Plain 1 Geometrical. «& 
CASE V. Sic Hyp:ienuſren , Leg, to ul the oi ber Leg 


Given the Mao 20 $40 
the | 2 4-449 
rhe the Leg 50. ; 
The laying © down cf tn $ is the ſame as the former, be. 
cauſe the ſame Things zr ęiven; and the Leg BC mea- 
jur'd on the, ſarae equal Parts trom whence the given 
Parts are aid doun, u ill be found to be $00. 


SE VI. 2% Les given, to find the Angles. 


& 3s % 


Given the J. eg AB 440 
Ihe Lc: {) Cr 290 Fig. It. 


477 


r "DT 
1;T10 E 449. 


24 © pon ere the e Perpendicular BC., and thereupon 
Qt off 300 from 3 to ( 

$; Ben the Hypote: a AC. | 

4. With the Schecp of Go, and one Foot in 4, draus 


the Arci 4 Fi ity: an. 1 t. 5 do: Je. 
The Arch Je meaſur'd on the Chords gives 334 45m 


the Angle requir'd. 
CAS VII. The Legs given, to finl the Hypntennſe. 


Given the Leg AP 440 
the Leg 300 
Nequired the H\ potenuſe AC. 


Th' is laid Jown as Caſe VI, and the Hypotenuſe 40 
meaſur'd on che Scale ot equal Parts is 540. 


Note, Theſe ſeven Caſes may be reduc d to four, for main; 
the firk Cale 6.5 chere to be tho firſt Caſe ; the feconl and thi 7 


2 
— 


ad for the ſams reaſunt the Earth aud fifth may be gm 
in ons, and called the third : and the fixth and ſeventh i g. 
wins alſo the ſame thing given, may then be called the fourth 
Caſe, and at this rate the ſcoen Caſes are comprebended 2 
four, hecuuſe four times laying detos iutludlas gil the Teri. 


f Kigbt- aug led plaru Tt lane tc. 8 
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SECT. IV. 
Of Oblique Plain Triangles. 


CASE I. Tuwo Anzles and à Cid. eppefite to one of them 
given, to find the Side opp oſite to the other. 


Given the Angle at 4 304. om. 
Fig. 12. the Angle at B 45 0 
the Side BC——— 290 


Required the Side AC. 


1. Draw AB at pleaſure. | 

2. With the Chord of 60, and one Foot in B (th 
Angle next the given Side) draw the Arch Je. 

3. Upon that Arch ſet off the Chord of the giwen Angle 
45, from d toe. 

4. From B through draw the T.ine BC, and upon it 
ſet off the given Side 290, from B to C. 

5. The An les A and B being given, the Angle C is 


alſo known, being the Complemeit of the other two 
Angles to 180, and wil be found 4 {© gi, and there- - 
fore with GO 95! he Chores, and Gre 10 N 19 2 ſweep 


through g draw the Line CA to cut 2 in 4, and tis 
done. 
The Side 42 meaſured en the ſame equal Parts is 410, 
the 30 oe rec ard. 
-" wy then you have any Cho zl r 9o to ſet of, 
you 1 mul i do it at twice, becauſs the Chords go but tc 90, 
Oe. 


the Arch fg, upon Whick ſet off 1057 ein f tog, and 


CASE II. Twp Sides aud n Juri. eppoſite to one of 
4 » ' * — Pf : ? [ - in . + * 8 
Fi 5. 11. 5 17 95 87 1170 the Ang FE 10 e 0 He C. her. 


Gwen the Side AB——_ —5 50 
Fier. = Side . 410 
ne Angle at 5-45 on. 
Redl. a the Ang le at C. 


Draw 


them 


raw 
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1. Draw AB 560. 

2. Make the Angle B 45, and draw the Line BC. 

3. With the Side AC 410, and one Foot in A, croſs 
the Line BC in C, and draw the Line AC, and 'tis done. 

The Angle at C meaſur'd on the Sweep de, gives 1054 
the Angle at C required. 

Note, This Cafe is ambiguous, and will admit of two 
Anſwers; ſo that it is neceſſary that it be known whe- 
ther the Angle at C be acute (that is, leſs than go) or 
obtuſe (that is, more than go) for if it be obtuſe, the 
Angle mark'd C is the Angle required; but if acute, the 
Angle at 0 is it; for the Side AC 410 taken in the 
Compaſſes, and one Foot in A, it will croſs the Line 
BC (continued) both in C and O, &c. 


CASE III. Given as inCaſe II, to jinl the third Side. 


The laying down is the ſame as in Caſe II, becauſe 
the ſame things are given; and the Side BC meaſured on 
the equal Parts is 290, it the Angle be obtuſe; or 503, it 
it be acute. | 


CASE IV. Tuoo Sides and an Angle between them gi- 
den, to find cither of the other Angles. 


Given the Side AC 410 
the Side AB 560 Fig. 14. 
the Angle 4 30d om, 


Required the Angle B 


t. Draw AB 560 from A to B. 
2. Make the Angle A god om. 
3. Draw AC 40 from A to C. 
4. From C to B draw the Side CB, and *tis done. 
The angle B meaſur'd on the Chords is 454 om. 


CASE V. Given two Sides, and the Angle between 
them, to find the third Side. 


Given the Side AC— 410 
the Side 48. 500 
the Angle A — 304 # 

Required the ſide BC. 


Laid down as Caſe IV, and the Side BC meaſured is 290. 
CASE 
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12 Plain Sailing Ceometrical. Chap. 1. 
CASE VI. Three Ai des given, te fin an Angle. 


Given the Side AB 560 

Fip. 15 the Side 47 410 
the Side BZ 290 
Requir'd the Angle at 4. 


1. Draw AB so from A to B. 

2. Take the Side 40 410 in your Compaſſes, and with 
one Foot in A draw an Arch at C. 

With the Side BC 290 in your Compaſſes, and One 

Foot in B, croſs the ſaid Arch at C. 

4. From the crofiing of the ſaid Arches to 4 and B, 
draw CA and CPB, and 'tis done, 

The Angle at A meaſur'd on the Chords is 304 om. 


SECT, 
Plain Sailing Geometrical. 


N laying down all the Caſes of Plain Sailing, Traverſe, 
Mer . Sc. obſerve to make the Top of the Book 

or Slate North, and the Bottom South; the right Hand 
Len, and the left Hand Weſt, &c. 

Ol! 'crve, that in the Application of right-angled Tri- 
angles to . of Plain Sailing, the Courſe is al- 
ways the Angle at the Baſe: The Difance is the Hypote- 

The Difference of Latitude is the North and South 
Inne; and the Departure is the Laſt and Welt Line of 
the 1 rianvle. 

Thus, in the 4 Triangles Piz. 16. N* r, repre- 

ſents a Courſe in the N. E. Quarter; MN? 2, 
1.16.2. Courſe in the 8. E. Quarter; N? 3,5 2 

Courſe in che . . Gunter; 4,2 
Cogrſe in the N. W. Quarter : And in each of theſe 
Verian les tn: Point A reprefents the Place ſail'd from, 
zu the Point C. the Place ſail'd to: And the An- 
ge at A :5 the Courſe, the Angle at J its Complement, 
| the 


| 


= 


_ 
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the Hypotenuſe 4C the Diſtance, the Leg AB the Diſſe- 
rence of Latitude, ard tlie Leg BC the Departure, Oc. 


CASE I. Courſe an Difance given, to fin! Diſſerence 
of Latitude and Departurc. 


A Ship fails S. W. by S. 545 Miles, I demand Difference 
of Latitude and Departure. 

1. In this and all other Caſes of Plain Sailing, draw 
the North and South Line B. 

2. The Courſe being 3 Po.nts from the Ne- Fi. 15. 
ridian, vis. 337 45m, make the Angle at / 
331 45m from d to e. 

3. Thro' e draw the Hypotenuſe (or Diſtance) AC 540 
from 4 to C. 

4. From C let fall a Perpendicular C to cut 4B in 
B, and 'tis done. 

The Difference of Latitude AP meaſur'd is 449, and 


the Departure BC is 300, Sc. 


CASE II. Courſe an Diff-rence of Latitude given, 10 
find the Diftance ani Departure. 


A Ship fails S. W. b+ S. till her Difference of Latitude 
be 440, I demand her 1:itance and Departure. 

1. Make AB the Difference ot 7.at.tude 449, Fg. 18, 
from A to B. 

2. Upon g erect the Perpendicular B C at Pleaſure. 

3. Set off the Courſe 337 45m and draw the Hypote. 
nuſe AC to cut BC in C, and 'tis done. 

The Diſtance AC meaſured will be found to be 549, 
and the Departure BC meaiured is 300 Niles. 


CASE III. Courſe aul Departure gin, to fin! the 


* 


Diſlance and Diſiecrence of Leu e. 


A Ship ſails N. E. by N. till her Departure be 300 
Miles, her Diſtance and Difference of Lat:tude is re- 
Quired. 

J. Draw 43 at pleaſure, 


2. At 
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2. At the Diſtance zoo the Departure given, 
Fig. 19. draw the parallel Line de. 
3. With the Angle of the Courſe 33d 45m, 
draw the Hypotenuſe AC to cut the Parallel in C. 
4. From the crofling at C let fall the Perpendicular CB 
to cut AB in B, and *tis done. 


Another May to lay it down. 


r. Draw AB at pleaſure. 

2. Upon the North End thereof (becauſe the Ship ſails 
to the Northward) erect the Perpendicular BC, upon 
which ſet oft che Departure 300. 

3. Make the Angle at C 564 15m the Complement of 
the Courſe, and draw the Hypotenuſe C4, to cut 4 
in A, and 'tis done. 

The Diſtance AC is 540. 

The Difference of Latitude AZ is 449. 


CASE IV. Difance and Difference of Latitude given, 
to find the Courſe aud Departure. 


A Ship ſails in the SE. Quarter 540 Miles, and then 
finds her Difference of Latitude is 449, her Courle and 
Departure is required. 

i. Make the Difference of Latitude AB 449 from A to 

B, and upon B ere the Perpendicular BC. 

I. 20. 2. Take the Diſtance in your Compaſſes, and 
with one Foot in A croſs the Perpendicular BC 
in C. 

3. From the crofling C to A draw AC. 

4. With the Chord of Go make the Arch de, and *tis 
cone. 

The Arch de meaſured on the Rumbs is 3 Points, or 
on the Chords is 334 45m. 

The Departure BC is 300. 


CASE V. Difance and Departure given, to find the 
Corſe and Difference of Latitude. 


A Ship ſaiis between the N. and W. 540 Miles, her 
Departure is 300; J demand her Courſe, and Difference 
ol Lataudls 1. 


). Fo 
ven, 


5m, 


CB 
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1. Draw AB at pleaſure. 

2. At B erect the Perpendicular BC, and ſet 
of the Departure 300 from B to C. Fg. 21. 

3. With the Diſtance 5:5 in your Compaſſes, 
and one Foot in C, crois the Line AB in A. 

4. From C to the Croſſing at A draw AC. 

s. With the Chord of Go, and one Foot in A, make 
the Arch de, and 'tis done. 

AB the Difference of Latitude is 449, and the Courſe de 
is 3 Points, or 33/4. 45m. 


CASE VI. Diffironce of Latitude and Departure given, 
to find the Courſe an1 Diftance. 


A Ship fails in the S.W. Quarter till her Difference of 
Latitude be 449, 2nd her Departure 300; her Courſe and 
Diſtance is required. 

1. Draw the Dificrence of Latitude AB 449 from A 


to B. 


2. Upon Beret the Perpendicular BC, upon Fig. 22. 
which ſet off the Departure 300, from ; to C. 

3. From A to C draw the Hypotenuſe AC. 

4. With the Chord of 60, make the Arch de, and tis 
done. 

The Diſtance AC is 540, and the Angle at 4, the 
Courſe three Points, or 33d. 45m. 


Arn YL 
Traverſe Sailing Geometrical. 


Raverſe Sailing is of Uſe, when a Ship having ite 
Sail from one Port intending for another, hose 
Courſe and Dittance, from the Port ſail'd from, is given 
Gr known, but by reaſon of contrary Winds, or other 
Accident, is forced to ſail upon ſeveral Courſes, which 
«re require} to te brought into one Courſe, to know 
8 thereby 


i 
| 
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1 Traverſe Sailing Geometrical, Clap. 1. 


therchy (aſter ſo many various Turnings and Windings) 
ne tris Courſe and Diſtance made good from the Place 
ſail'd rom, and the true Point or Place where the Ship 
is, that ſo the Wind coming fe Air) it may de known how 
to ſhape a Courle tor the Place intends. E * this which 
is the chief Snhjert of 1 raverte Sailing, may be perform'd 
Geomctrically two Ways, boch which I ſhall briefly lay 
do en 

The firſt is perform'd by drawing new Meridians 
through the Extremit, of every Courſe, parallel to the 
firſt Nleridian, or North and South Line, that you 
make at the firſt, and ſo ſet of every Courſe with a Sweep 
of Go, as if it was a Queſtion in Plein Sailing. You my 
alſo let tail Perpen liculars to every new Meridian from 
the Point that the Ship filed to upon that Courſe, and 
fo you have the Courſe, Dine, Difference of Latitude 


and [Dep1rture to eyery ULnurſe and this Merhnd 15 
3 * 


ery uſe ful where the Couries tend a all one Way, 
without interſecting one another. But if your Courſes 
req nent!y crols one another, tis beſt to lay them down 

without new Meridians, cz. to ſet off one Courle by a. 
nother; for which Mr. 4:4in/c in his Epitomy laid down 
4 Rules; but they being ſo burthenſom to the Memory of 
young Lear ners, I ſhall not ſo much as name them; but 
mall lay down one Rule which is univerſally uſeful in all 
Cafes, and eaſily remembred, and tis this. 

Obſerve how many Points are between the Point next to 
be laid down, and the Point oppoſite to the Courſe laſt laid 
down, for that is the Peint for laying down; therefore with 
the Chord of Go, and one Foot in the Point the Ship is 
laſt come to, deſcribe an Arch; upon which ſet off the 
Points found by the aboveſaid Rule, and through that 
draw the Line for the next Courſe, ©. 

1 ſhall explain both Ways by Example; and firſt, 

How to lay down a Traverſe Iy nc Meridiæns. 


A Ship bound for à Port diſtant 120 Miles N. E.! E. 
fails S. S. E. 30 Miles. then N. E. by N. 40, then E. by N. 
25, then N. N. E. 44; 1 demand "Can rſe and Diſtance 
made good, and alſo the-Courie 2nd Diſtance to the Port 
bound tor. 

Firit 


. 


* 


N 3 0 
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Ha 
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SI 


eros, and from A thro' S draw the Line 
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Fir, Draw the Line K H at Pleaſure, for a Meridian, 
or North and South Line; and therein aſſume 2 Point, 
as at A, for the Port ſail'd from; then with Go of the 
Chords, and one Foot in A, draw the Arch Lm, upon 
which ſet off two Points, (becauſe the Courſe is S. S. E. ) 
trom L to m, and draw the Line Am, upon which ſet 
off the Diſtance 30. from A to , then is your Ship at B; 
then let fall the Perpendicular B A, then is AR, 27 7m, 
the Difference of Latitude, and B K 114 5m, the De- 
parture for the firſt Coarſe Then tor the ſecond 
Courſe, with the Diftance AX B draw the Parallel BN, and 
thereby, with the Chord of 60, as before, ſet of the 
ſecond Courſe and Diſtance, N. E. by N. 40, rom g to C, 
and let fall the Perpendicular CL, then is your Ship at 2 
the Difference of Latitude upon that Courſe is BL 33: 
3: and the Departure C L 22: 2 Then proceed in 
the ſame manner tor the third Courle; with the Paral- 
Iel C O, ſet off E. by N. 2;, from C to ), and draw the 
Line D/, from which ſet off the laſt Courſe, N. N. E.) 
44- then is your Ship at E. Now ſeeing the Ship came 
from A, and is now at E, the Line Ii meaſured on 
the ſame equal Parts, upon which all the other Diſtances 
were taken, will be found to be 01 Miles, and the Arch 
R 2, meaſured on the Rumbs is 5 Points, 97g. N. E. by E. 
© that the Ship is now 91 Miles, N. E. by E. from the 
dort ſail'd from. 

Now to find her Caurſe and Diſtance to the Port 


ound for, ſet off 4 Points 5 upon the Arch ES from 


18 FF. > Upon 
vhich ſet off 120 (the Diſtance from the Port ſail'd Pom 
2 the Port bound for) from A to , then is F the Port 
ound tor ; now the Port bound for, being at JV, and the 
hip being but at E, therefore the Line E F meaſur'd on 
de ſame equal Parts that the reſt was taken | 
om, will be found to be 31, and the Arch Ig. 
meaſured on the Chords is 354 t zm, or 


. E. by N. ſamewhat Eaſterly, &c. 


Hcy to lay down a Tra: orc without new Meridian. 


Fir?, Draw a North and South 1 ine, as in the former, 
the 1 RM; in which aſſume 2 Point, as at 4, for 


6 the 


- 2 3553 

18 . wy C:7/19 Geometrical, Chap. 1. 
tie Port fail ſro then trom A ſet off the firit Courſe 
a id ra 2 5. N. N W. 08. from A to B; then tor 
the ſecond Couric, with the Chord of 60, and one Foot 


in B. draw the Arch //, upon which, for ſetting off 
the next Courſe S. S. Wz50, obſerve the Rule at the Be- 
g inning of Traverſe Sailins Geometrical, ig. Take the 
Number of Points between the Point oppoſite to the 
laſt Courſe ſail'd, and the Point you are next to fa1l. 
The Reaſon of this Rule is this: It from A to B your 
Courſe he N. N. W. then back from B to A muſt needs 
be S. 8 Ho (t 2 oppolite Point) and then if you were tg 
ſails S. by E. it mutt he one Point to the South ward of that 
S. E. In ne; if South it is two Points, and conſequently 
my next Courſe being S. S. W. I ſet off 4 Points from 7 
to //, and through / draw the Line BC, which is a S. S. 
W. Line, upon which ſet off 70 Miles from B to C. and then 
is your Ship at C: Then tor the third Courſe, if from BtoC 
be S. S. W. then from C to Bis N N. E. but my next Courſe 
being F.. half N. the Points between N. N. E. and E. + 
N. are 5 Points and an half; therefore, with the Chord 
of 65, and one Foot in C, draw the Arch xy, upon 
which ſet off 5 Points and an half, from x toy, and thro” 
draw the Line C D, von which ſet off 90 Miles from 
C to D, then is your 8 Ship at D; after the ſame Manner 
lay down all the vc. t, as DE W. N. W. half N. 70; then 
E F South 25; then FC, E. half S. 45; then laſtly, GH 
South 30, which is the iſt Courſe : Then your Ship being 


4 


at E. and the Port ſai'd from at A, the Line AH 28 
Niles is the Diſts ce 9 good, and the Angle at A is 
forr Points, Sig. 3 F. but the Port intended for being 
S. W. 33. 1 fet it off from A to &, but the Ship being at H. 
the ine HK 02 Miles is the Diſtance from the Ship to 
tue Port bound ſor, and the Courſe is found by meaſuring 
the Angle at H 717! 48m, or W. S. W. more than 1 Quar- 
ror Weſterly, Sc. : 

he ©ueftion. A $!;:p 2t A hound for a Port at K which 


bears S./ irom A diftant 55 Leagues, but 
£ . mectins with contrary Winds, ſhe fails N. 
N. W. 68 Leagues, then S. S. W. 70 Leagues, 
then E. half N. go 1engues, then W. N. W. half N. 70 


Leagues, then S. 25 Leagues, then E. half S. 45 3 
then 


* 


12. 24. 


22270 SS. : Ms.- - ac; 
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then 
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then South zo Leagues; e Courſe and Dittance made 
good, and Courſe and Diitance to the Port bound lor. 


How Po tran! "ribs 2A Trav Tſe, cr any oi hor rig ht-liued Figure 
[rom th! Slate bo a Bok, or from one B3:k to another. 


In the firſt Line R M make 2 or 3 Marks, as at R, 4 

and 1M; then in the Book in wich you 

would lay it down, drew alſo the ſame Fig. 2 
Line, and take the Diſtance N AJ, and ſet 

from R to 4 in the new Draught; likewiſe ſet the 
Diſtance 4 M from A to A, then for laying down 
the Couries; as firſt, from A to B, with the Diſtance 
A in the old raucht, and one Foot in A in the 
ney Draught, make an Arch at B; then with the Diſtance 
MB in the old Praucht, and one Foot in M in the 
neu Draught, croſs the former Arch at B; then from 4, 
and the crofſins of theſe Arches, draw the Line AB; 
then, for the Line BC, with the Diſtance RC, and one 
Foot in R, draw a Call Arch, and with the Diſt.nce 
BC, and one Foot in B, (or with the Diltance MC, :nd 
One Foot i in M) draw an Arch to crots the former in C, 
then frem B to thit croſſing draw the Line BC, and 5 
in the reſt of the Courſes. And note, you need not re- 
gard what two Points you take in the old Draught for 
the fixed Point of your Compaſſes, provided you take 
the ſame Points in the new Draught, only obſerve to 
take two Points, fo as that the Arches may fairly cro's 
one another ; or elſe you cannot ſo well find the Point 
ot Interſection ; as ſuppokng you would find the Points 
B, it you tike the Diſtznce AB, anc d tet from 4 to B, and 
make an Arch; and then if you ta ke the Diltance: RA. 
and ſet trom & to B and croſs the former Arch, theſe tw 
Arches will run fo slong one znother, that you £ Cannot 
diſceru Exactly the Place of n tion, to remedy which, 
take two marks that bear more ſquare from B, as A and 
AT, and then the Arches will c ol more directiy, and the 
Operation will be more exact. 


Un 
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SECT 


Mercator”s Sail,n1; Geometrical. 


M* rcator's Sailing is laid Dea by a right-angled Tri- 
angle, as Plain Sailing, only the Triangle hath tuo 
Perpendiculars, the ſhorter repre.centing the Departure, 
as in Plain Sailing, and the longer is the Difterence of 
Loneitude. | 
Thus in the Triangle ADE, 4 repreſents the Place 
ſail'd from; the Angle at A 1s the Courſe, and 
Frr.26. the Side 1B 1s the proper Difference of Lati- 
tude, and BC the Departure, as in Plain Sail- 
ing. The whole Bale 4D is the Meridional Difference 
of Latitude, and the Perpendicular DE is the Difterence 
ol 1on-itude ; and ſeeing the Angle at A is common to 
toth Triangles, ABC, and ADE; theretore the Baſe 
AR 13 in Proportion to the Perpendicular BC, as the whole 
Baſe / is to the Perpendicular DE : And hence comes 
the Proportion ; as proper Difference of Latitude to meri- 
dional Difference of Latitude, ſo is the Departure to the 
Difference of Longitude. Euclide, lib. 6. Prop. 4 
The Meridian Line, with the Scale of equal Parts next 
to it, pon the Scale, are of Ule for laying down Que- 
tions in Mercator's Sailing; they are the two loweſt Lines 
upon the Scale, the Me eridian Line marked [Merid. | and 
the equa! Parts marked Eq. P.] the Graduation of the 
Meridian Line increaſes, and the Degrees of Latitude 
grow bigger near the Poles; the Diſtance and proper 
Difference of Letitude my be taken off the equal Parts, 
and the merid lional * be: ence of Latitude off the Meri1- 


* #4 the Diſtan e between the two Latitudes upon the 


Nleridian } ane 1s too little to make a handſom Queſtion, 


you may find the meridional Difference of Latitude, by 
the Table of meridional Parts, and fo take both it and 
the prover Difference of Latitu de, with the Departure, 
Liitance, and Ditcrence of Lôngitade, off any equal Parts 

that 


4 


4 
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that you think will be proportionable to the Dimenſions 
that you would have your Queſtion to contain ; only take 
Gare, that from whatſoever equal Parts you take the 
given Sides, you muſt meaſure the requir'd Sides (hen 
found) upon the ſame equal Parts. I ſhall inſtants in 
both Ways, in the following Examples. 


CAS EIL. One Latitude, Courſe and Di ance eiten, 19 
find the other Latitude and Difference of Long itude. 


A Ship in Latitude 50 om North, fails N. W. by N. 
987 Xliles, I demand the Latitude come to, and Diffe- 
rence of Longitude. 

1. Draw ABD at pleaſure. 

2. At an Angle of 334 45m draw AC continued, upon 
which from the equal Parts ſet off the Diſtance 987 trom 
A to C. 

3. Let fall the Perpendicular CB. 

4. Meaſure AB the Difference of Latitude $20 min. or 
134 4om. Which added to Lat. go, gives the Latitude 
come to, 634 4om. 

5. Extend the Compaſſes upon the Meridian Line from 
80 to 634 40m, and ſet that Extent upon the 
Line AD, from A to D; then is AD 1519, the 
meridional Ditference ot Latitude. 

6. From D ere& the Perpendicular DE, to cut ACE 
in F, and *tis done. 

Then is AB 820 min. or 134 4om the Difference of 
Latitude, which added to the Latitude ſail'd from (be- 
cauſe the Ship ſiils to the Northward) produces 634 40m 
the Latitude come to. 


DE 1017 is the Difference of Longitude required. 


Fig. 27. 


CASE II. Both Latitule and Courſe given, to find the 
Diftance and Difference of Longitude. 


A Ship in Lat. 564 25m North, ſails N. N. E. into La- 
titude 684 3om; I demand as above. 

r. Extend the Compaſſes on the Meridian Line from 
I at. 56425m to Lat. 684 30m, and ſet that 0 
Extent on the Line AD, from A to D. Fig. 28. 


C 3 2. Take 
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2. Take 725 (the proper iference of J.atitude, in 
Riiuutzs) from the equa! Farts under the Meridian Line, 
and let upon tic Line , from A to B. 

3. At an Angie of 22 zom (the Courſe given) draw 


Fervendiculars BC and DE, 


an! "tis done 
Then is AC 02% the Ditancz, 2nd DE 60 is the Diffe. 


Note, Upon tke equal Parts under the Meridian 
J.ine, every Degree being. 99 Minutes or Rliles, every 10 
Degrees is 039 Rilics, and o tor 650, ſet one Foot in 
10. (he other ext 1-1]. ois u hole Divihon bcyond the 


+ 


Cypher towards the Right Hand is 600, and 2 Diviſions 


III. 955 5 de. Courſe, aud Dil rene of Lon- 
iven, 6% find the bi ber Latitade 4¹d Difl ance. 


A Ship in Lat. 30 fails N. N. W. till her Difference of 


Longitude be 7 Deg. or 420 Minutes; I demand as above. 

1. Draw ABD at plcaſure. 

2. At an Angle of 224 30m draw the Hypo- 
. 29. tenuſe AC continued. 

3. At the Diſtance of 420 (the Difference of 
Longitude) draw the Line Eh parallel to A D. 

1 From the Point where that Parallel interſects the 
Hy potenuſe, as at E, let fall the Perpendicular . D. 

5. With the Extent 4D, and one Foot in the given 
Latitude 30 upon the meridian Line, extend the other 
upward, becauſe the Ship ſalls to the Northward, and 
the other Foot will ligut upon 594 40, the Latitude 
Come to. 

6. With the proper Difference of Latitude 530 (off the 
equal Parts) and one Foot in 4, find the Point B in the 
Line AB 7, 

7. At B erect the Perpendicular BC, and 'tis done. 

Then is AB 580 the proper Difference of Latitude, 
which reduced into Degrees and Minutes, is gd 40m, 
which added to the Latitude ſail'd from, viz. god om. 
the Sum 594 40m is the Latitude come to, and AC 628 1s 


the Dittance required. 
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CASE IV. Both Latitud. an Difancegicen, to find the 
Ciurſe, and Dijcrence of Lon; itade. 


A Ship in Latitude 30% North, ſails 2555 Mites, and 
is then by O-tervation in. Lat. 13 “0 12½; 1 demand as 
a Ove. 

This Queſtion being larger than the Bog can. conveni- 
entiy contain, if taken oft the: Nleridian inc, 1 ail take 
it off a Scale of lefſer equal Parts, and find Meridioual 
Difterence of Latitude by the Table. 

Draw AB D, upon which ſet off The proper Difle. 
rence of Latitude 2208 from A to B, and the 
Meridional Diftcrence of Latitude 267 „ ron 
A to . 

At B and D ere? the Perpendiculars BC and /. 
With the Diſtance 3505, and one Foot in 4, with 
the other croſs the Perpendicular PC in C. 

4. Draw. continued to /, and 'tis done. 

The Angle B 4C meaſured on the Chords is $01 575m, 
and the Perpendicular DE 3298, is the ]:tierence or 
Longitude required. 


2. 


= 
% 
ut 


22 13 


CASE V. Beth Latiindis an Departure gigen, to finl 
Cane , Diflance, and Difference of Lennitude. 


A Ship in Latitude 35 North fails in the North n 
Quarter into Latitude 564 rom North, her departare 38 
Miles; I demand 25 above. 

This and all the following Queſtions in Mercator. 


Sailing Geometrical are too ſhort Diſtance; te taken 611 


the Meridian Li ine, 1 ſhall therefore d them 15044 
larger equal Parts. | 

1. Draw the 4B D, upon which fot of the prop. 
Difference of Latitude 70 from A to , and the 
Meridional Difference of Latitude 124 hon 1::.. 7. 
A to D. | 

2. From the Points B and D cr ect t he Perpendicnlars 
RC and DF. 

3. Upon BC ſet off the Departure 30 from E to 

4. Thro' the Point C draw the Line 4C continu. 145 
t cut the Perpendicular DE in , and 'tis dow 

* 4 Thee 


n 
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Then the Angle at A meaſured on the Chords, is 351 
327 tor the Courſe, which is N. E. by N. ſomething 
FE xit-rly, and the Hypotenuſe AC 85 is the Diſtance, and 
the Perpe: ndicular DE 89 is the Difference of Longitude 


required. 


CASE VI. Both Latitude an] Difference of Longitude 
given, 70 fint the roſt. 


Suppoſe 2 Places, one in I atitude 56/7 15m, and the 
other in ] atitude 3 84 25m, their Diflerence oi Longi- 
tude 21 30%; 1 demand the Courſe from the Souther- 
moſt to the Northermoſt, and alſo their Dutance and 
Departure. 

r. Upon the! ine ABN ſet off the proper Diff. Lat. 

and Merid. Diff. Lat. to B and D. and there 
Jig. 32. erect Perpendiculars, as in Caſe the Fifth. 
2. Upon DE ſet off the Difference ot Longi- 
tude 180 from D to Z. 

3. From A to E draw the Hypotenuſe 4C E to cut 
Bi in C. Then is BC 80 the Departure, the Angle at 
A 297 53m is the Courſe, and 4C 101 is the Diſtance. 

Note, The Figure jo aced between B and D as here is 
260) is the "Meeridion i Lilkereiwee of Latitude repreſented 
by the whole Line AD. 


CASE VII. One Latitude, Courſe and Departure given, 
19 tind the other Latitude, Difance, an Diff. Longitude. 


A Ship in Latitude 484 om North ſails S. S. W 
till her Departure be Go Niles or Minutes; 1 1 2 1s 
above. 

1. Draw ABD at pleaſure. 

At an Angle of 284 7m, the given Courlſr;, 
Fiz. 23. draw ACE continued. 
At 60 Diſtance from ABD draw the 
Parallel eg, and where it cuts AC#, as in C, let tall 
the Perpendicalar OB. 

4. Then is AB the proper Difference of Latitude, by 
which you may find the Latitude, Courſe, and alſo the 
Meridional Difference of Lat. tude, which (found as di- 
e in Mcrcator's Sailing Trigenomstrical, Caſc the firſt) 

206, which ſet from A to D 8 Raiſe 


* — — 
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5. Raiſe the Perpendicular DE to cut ACE in E, and 
*tis done. : | 

The Latitude come to is 564 8m, the Diff. Long. D 
110, Sc. 


CASE VIII. One Latitude, Diſtance, an! Departure 
givem, to find the other Latitude, Conurſ:, and Difference 
of Longitude. 


A Ship in Lat. 584 om N. ſails between the South and 

Weſt 127 Miles, her Departure 60; I demand the reſt. 
See the Figure in Caſs the ſeventh. 

1. Draw AB D at pleaſure. 

2. At Go (the Departure) Diſtznce from AB D, draw 
the Parallel eg. 

3. With the Diſtance 127, and one Foot in A croſs 
the ſaid Parallel in C. 

4. Let fall the Perpendicular CB to cut ABD in B; 
then is AB the proper Diff. Latitude, by which find the 
meridional Difference of Latitude, as in Caſe VII. which 
ſet from A to D, and raiſe the Perpendicular DE. 

5. From A through the Croſſing at C, draw A4C E, 
to cut DE in E, and tis done. 

The Latitude come to is 56% 8m, the Angle A the 
Courſe 281 7m. 

The Difference of Longitude DE is 110, 


ER 


——— — — — 
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ier. VAL 
Parallel Sailing Geometrical. 


'F HERE are only two ways moſt uſeful and intelli. 
| gible for laying down FParalle! Sailing; the one 
called Bell-faſhion ; the other Plain Triangle. 

In the firſt of theſe it is laid down by a Figure ſome- 
what like a Bell, from whence I ſuppoſe it takes 
its Name. In this Figure the two Sides AD Fig. 34. 
and 4 E are equal (vis, equal to the Radius or 


Sins 


26 Parallel Sailing Geometrica!. Chap, 1. 
Sine of go; or if you think the Projection will be too 
ſmall, you may make them twice the Stug of go, pro- 
vided you take all the other double ailo) and then 
the Line BC repreſents their true Diſtance in the Paral- 
tel, and D { repreſents their Dittance in the Equinoctial, 
or Diticrence of ] ongitude. 

Ihe other Way is by Plain Triangle, in which two of 
the Angles are equal to the Complement of the 
Latitude in which their Diſtance is required; 
and therefore it their Difference of Longitude, 
or Diſtance in the E-uinoctial, be given or required, the 
'EFrianzle 1s right-angled, as in the figure; and there the 
Angle at A is equal to the Complement of Latitude, the 
Perpendicutzr B C repreſents the Diſtance, and the Hy- 
potenuſe 4C, the Difference or Longitude. 

But when the Dittance in one Parallel is given, and 
the Diſtance in another Parallel required, it makes an 
oblique Triangle, gig. with two acute Angles ( becauſe the 
Complement ot all ] atitades, except Latitude od om, 
E. under the Equinoctial, is leis than go Degrees) as 

in the Figure, wherein the Angle at A re- 
Fig. 36. preſents the Complement of one Latitude, and 
its oppo te Side BC their Diſtance in that Pa- 
rallel; and the Angle at B is equal to the Complement 


25% n= 
- 155.33" 


of the other Latitude, and its oppoſite Side AC repreſents 


their Diſtance in that Parallel, ſuppoſing each Ship keeps 
always under the ſame Meridian; and this by oblique 
T riangles is uſeful only in the two laſt Caſes. 


CASE I. Two Ships or Places in one Parallel, their La- 
titude end Diftance given, to find their Difference of Lon- 
£ itude. 


Two Ships in Lat. 30, diſtant 76 Miles; I demand as 
above. 
1. With the Sine of 90 (or Chord of 60) and one Foot 
in A, ſweep the Arch DE. . 
7. 2. With the Sine of 40 (the Complement of La- 
titude) and one Foot in 4, ſweep the Arch BC. 
ake the Diſtance 76 from any equal Parts, and ſet 


to C and draw the Line AE through the * 
to 


od 
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BC and DE, and 'tis done. 
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cut the Arch DE in F, and draw A D through B. 
Draw the Lines BC and DF, then is BY 75 the 
Diſtauce, and DF 118 the Difference of Longitude. 
The ſame Queſtion by plain Triangle. 
Drau the Line AB at olca: ure. Jie. 53. 
2. At an Angle of 40 Degrees, the Complement o: 
Latitude, draw the Hypotenuſe % continued. 
3. Draw the Parallel eg diſtant from A5, 70 the lu. 
ſtance 
4. Where that Parallel interſets the Hypotenuſe 4, 
as in the Point C, let fall the Perpendicular CB to cut 
J in B, and 'tis done. 
Then is BC the Diſtance 76, and 15 118 the Diffe- 
rence of Longituce. 


C ASE i Latiiul anl Dior: Ne Cf Lox: [1 


to find the Difenrc 


Fs * 0 * © 
! ung FI 


Two Ships in Latitude 30, their Digercuct of Long! 
tude 118; I demand their Diitance. 
See the Figures in Cafe J. 
Bell-fafhion. By Flat Triare l.. 


1. With the Sine of OO 1. Drau AB at meaſure, 


draw the Arch D z, and 2. With 40 Degrees, the 
with the Sine of 40, the Complement ot 2 hear 
Complement of Latitude, [make th= Anzic t and 


draw the Arch BC, as inſdraw the H#yg5cmu/e A C, 

Caſe the firſt. upon which "fer off the 
2. Set the Difference of Difference of Longitude 118 

JLongitude 118, from D toſtrom A to C. 

E. 3. From C et fall the 
3. Draw the Lines 4 Perpendicular ( to cut 4 

and JE, which will cut in B, and tis done. 

the Arch BC in B and C. Then is BC 50 the Di. 
4. Draw alſo the Lines ſtance requtrcd. 


4 


The Line 2 76 is the 
V.tance required, | 


CASE 
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CASE III. Difanre and Difference of Longitude given, 
to find the Parallel or Latituſe. 


A Ship ſails due Weſt 27500 Miles, her Difference of Lon. 

Tee 4209 Min. I demand what Latitude the Ship ſails in. 
With the Sine of go, and one Foot in A, draw the 
Ach DE. 

2. Set the Difference of Jong itade 4200 from 
D to FJ, and drau the ine DE. 

3. Draw the Lines ABDand ACE. 

4. Biſſect the Line DE in n, and draw Am. 

5. Draw the Lines 7# and gh parallel to Am, and 
N N from A equal to half the given Diſtance 1350. 

Where theſe Paralleis cro's the Lines 4 D and AE, 
930 the fixed Point of your Compaſſes in A draw the 
Arch BC, and then draw the Line BC. 

Then place one Foot in A, and the other in B or C, 
that Fxtent applied to the natural Sines will reach to 
40, the Complement of Latitude; ſo that 50 is the Lati. 
tude required. 


Pl 
Je. 20 
1 


By Plain Triangle. 


Drau mn continued. 

Any where. as-at.. B, ere d the Per pendi- 
yy BC, and ſet of the Di! tince 2700 trom 
B to C. 

3. With the Difference of Lonzitud: 4200, and one 
Foot in C croſs the Line AB in 4, and draw the Line 
AC. 

4. With the Chord of Go, and one Foot in 4 draw 
the Arch Je. 

The Angle at A meaſured on the Arch e, is 40 De. 
grees, the Complement of Latitude required, 


CASE IV. Two Ships ſailing directly North or South, 
their Diff ance in one Parallel given, to find their Dift ance 
in another Parallel. 


Suppoſe two Ships in Latitude 50 North, diſtant 200 
Miles, they both fail directly North into Latitude 73 
North; their Diſtance in that Parallel is required. 

2. With the Sine Complement of the Latitude in which 
their Diſtance is given (Zig. Sine Complement 

Fig. 41. of 50, which is Sine of 40) and one Foot in 4, de- 
ſcribe 


Fig. 49. 


Lauth, 
J ance 


200 
le 73 


which 
ment 
4, de- 
cribe 
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ſcribe the Arch DE, and upon that ſet off the Diſtance 
in that Parallel 200 from D to E. 

2. With the Sine of go draw the Arch FG. 

2. From A through D and E draw the Lines F and 
46. 

4. With the Sine Complement of the other Latitude, 
viz. 73 (which is the Sine of 17) and one Foot in 4, 
draw the Arch BC to cut AF in B, and 46 in C, and 
draw BC. 

The Line BC meaſured on the ſame equal Parts from 
which you took the firſt Diſtance DE, will he found to 
be ot, the Diſtance of the Ships in Latitude 73; and if 
their Difference ot Longitude were required, it may be 
found by meaſuring the Line FG. 


By Plain Triangle. 


Here is given the Angles 4 and B, the Complement ©: 
each Latitude, and the Side BC their Diſtance 
in Latitude 50, to find their Side AC their Fe. 
Diſtance in Latitude 73: So that. here is two s 
Angles and a Side oppoſite to one of them given, tc. 
find the Side oppoſite to the other, by Caſe J. of Obi gu 
Plain Triangles, to which I reter you. 5 


* 
* 
— 


CASE V. TwoS#hips in on? Farallol with their D. 
fance in that Parallel given, ſailing beth direfly North 
or Scuth, and then their Diſlance in the Parallel come 19 
given, to find the Parallel come to. 


Two Ships in Latitude 530, diſtant 200 Miles, $433 
North till they are but 9 Miles diitant; I demand the 
Latitude come to. | 

1. With Sine Complement of 50, and one Foot in A, 
draw the Arch DE, and ſet off 200 from D to 
E, being the given Diſtance in that Parallel. Tig. 42: 

2. Through D from the Point A draw the 
Line 4 F, and from A through E draw 4G, having firſt 
drawn the Arch J with the Sine of go. 

3. Biſſect FG in m, and draw the Parallels ph and 14 
diſtant from Am equal to half the Diſtance in the Latitude 
come to, 73, hali 03, Which is 45d 3. 


— 


* | | 
N 


3 


x2 
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—— - _ a 
2 — —— — —_ 


30 Ai/le T.,:11:% Sailing Geometrical. Ch. 1. 


4. Obere where theſe Parallels cat the Line A F and 
AG, as in Sand C, thereiare draw the Arch BC and 
te in m ts doe 

Then AB er . taken in your Compaſſes, and ap- 
plied to the Sincs. of 17, the Comp. 
ot the Latitude req: ired; fo that the Latitude come to 
is 73. 

By Flain FTriangie. Sce the Trianzle in Cate IV. in 
which there is given the Side 0 20, their D ftance in 
Latitude go, and the Angle oppoſite, /g. at 4 the Com- 
plement of that Latitude: There is alſo given the Side 
AC, their Diſtance in the Tatitude come to, to find the 
Angle at B the Complement of the Latitude come to; ſo 
that here are two Sides and an Angle oppoſite to one of 
them given, to find the Angle oppoſite to the other by 
Caſe II. of Oblique Plain Trigonometry Geometrical. 


of 


* 


| „ 
K 1414 10 Ne 1110 O11: 


Ste r. IX. 


Middle Latitude Sailing Geometrical. 


THERE are innumerable Ways of projecting Mid- 

dle Latitude Sailing. I ſhall not trouble the Reader 
with them all, becauſe many of them are altogether uſe- 
leſs and impracticable at Sea; I ſhall therefore only inſert 
thoſe Methods that may ſerve as a Demonſtration and 
Proof of the Proportions laid down in the Trigonome- 
trical Part of Mille Latitule $2ilinz, and omit the reſt ; 
being unwilling to put the Reader to the Charge of any 
thing but what may be uſeful and profitzble. 

The firſt Proportion mentioned in Middle Latitude Sail- 
ing Triconometrical, is, As Difference of Latitude to Diffe- 
rence of Longitude; ſo Sine Complement of Middle La- 
titude to the Tangent of the Eourſe. Or (which 1s the 
ſame) As Difference of Latitude to Sine Complement of 
Middle Latitude; ſo Difference of Longitude to the 
Tangent of the Courſe. | 

The firſt Queſtion there, is in Cafe I. One Latitude, 


Courſe, 


I. 1. 


03 {1 
ne of 
er by 


M. A. 
eader 
r uſe- 
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1 and 
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itude, 
arſe, 
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Courſe and Diftance given, to ful the cther Latitude, De- 
partire anl Dif, erence of "Leagitu1 1. 

A Ship in Latitude E O North, ſails N. E. by N 
687 Miles: I demand the Latitude come to, with Donde: 
tare, and Dift. of Longitude 

Note, I ſhall Inſtance, in this Queſtion, Examples of 
all the different Ways that I ſhall inſert for projecting 
Mie Latitude Zalliag, and for demonſtratinz the Pro- 
portions generally uſed therein, ſuppoſing it too teli- 
ous to inſert all the different Projections an! Demon- 
{trations in every Caſe thereoi, and firſt for the YPropor- 
tion above mentioned. 


Geometrical Conſtin iin. 


Draw the North and South Lime AP, and with the 
given Courſe and Diſtince lay down the Tri 
angle ABC, as in Plain Sailins Geom Raby Fig. 44. 
Caſe I. and thus having found the Difference of 
Latitude, and conſequently the Latitude come to, and 
Middle Latitude; ſet off the Sine of the Complement or 
Middle Latitude from A to /, and ſet oft the Radius, 
or Sine of go, from A to c, and erect the Perpendict ars 
hi and eg parallel to BC, and continue BC at pleaſure: 
Then obſerve where the Hy potenuſe - C cuts the Perpend- 
cular eg (which is erected trom the Sine of 00) as in &; 
then take in your Compaſſes the Extent ek, 2nd place 
from þ to i, and from A through; draw the Line A 5 to 


- cut the perpendicular BD in D; then is BJ) 1003 the 


Difference of Longitude required, and BC 348 is the De- 
parture, and AB 8$82r is the Difference of Latitude, on 
Hypotenuſe AC 987 the Diſtance, and the An-lz P 
33% 4; is the Courſe from the North Eaſtwards, 5 
N. E. by N. 

Nou that this is a demonſtrative Proof of the Analog 
or Proportion before mentioned, is evident; tor as / / 
the Difference of T atitude to 4 b the Sine Complemer 
of Middle Latitude, fo is BD the Differencg of Longi— 
tude to Y, which by Conſtruftion is always equal to - 
the Tangent of the Courſe: And that it is, As A B to 
Ah, fo BD to hi, ſee Fuclide, lib 6. Prop. 4. Therefore 
#5 Difference of Latitude to Sine Complement of Middle 


* 


Ar 


„„ oy? 


* 2 10 
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Latitude, ſo Difference of Longitude to Tangent of the 


Courſe. 

Another Proportion is, As Sine Complement of Middle 
Latitude to Radius, ſo is Departure to the Difference of 
Longitude, which may eaſily be projected and demonſtra- 
ted in one right-angled Triangle; to which if we affix 
another right-angled Triangle; which is common in Plain 
Sailing (viz. as Radius to the Diſtance, ſo is Sine of 
the Courſe to the Departure) making the Perpendicular, 
which is the Departure common to both, you will 
thereby have conſtituted an Oblique Triangle, whoſe Pro- 
portion between its oppoſite Sides and Angles plainly 
proves the third Proportion, gig. As Sine Complement 
of Middle Latitude to the Sine of the Courſe, fo is the 
Diſtance to the Difference of Longitude: Or (which is 
the ſame) As Sine Complement of Middle Latitude to the 
Diſtance, fo is the Sine of the Courſe to the Difference 
of Longitude. I ſhall inſtance in the firſt Caſe before 
mentioned, where one Latitude, Courie and Diſtance is 
given, to find the other Latitude, Departure and Diffe- 
rence of 1 onzitude. 

A Ship in Latit. 504 om ſails N. E. by N. 987 Miles; 
i demand as above. 


With the Courſe 33 4, and Diſtance 987, lay 
down the Triangle ABC, as in Plain Sailing, 

Fig. 45. Caſe I. and having found the Difference of 
Latitude, and conſequently Middle Latitude, 
which in this Queſtion is 564 51m ; therefore draw the Line 


CD to make an Angle of 564 ;1m with the Line CB, and 


draw the ſaid Line CD till it cut the Lame 4B continued, 
then is CD 1003 the Difference of Longitude. required. 
Becauſe if the Angle BCD be the Middie Latitude, the 
Angle BDC muit needs be the Complement of Middle 
Latitude, b-cauſe D BC is a Rizht-Angle: And the Side 
BC being the Dep:rture, is common to both Triangles ; 
there ſore as in the Triangle AB.” it is, As Radius ABC 
to Diſtance AC, fo is Sine of the Courſe B AC to Depar- 
ture BC; and then it muſt needs be alſo, As Sine of B PC, 
the Complement of Middle Latitude, to its oppoite Side 
BC the Departure, ſo ia Radius DB C to the Difference of 
Long:tude DC. 
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Hereby is alſo ProjeRed by conſequence a Demonſtra- 
tion of that Proportion, As Sine Complement of Middle 
Latitude to the Diftance, ſo Sine of the Courſe to the 
Difference of Longitude: Or, as it is expreſs'd in the 
Beginning of Middle Latitude Sailing Trigonometrical, As 
Sine Complement of Middle Latitude to the Sine of the 
Courſe, ſo is the Diſtance to the Difterence of Longitude. 
For by theſe two right-angled Triangles, with one Perpen- 
dicular common to both, is conſtituted the oblique Tri- 
angle A CD, in which the Angle D AC is the Courſe, and 
its oppoſite Side D C is the Difference of Longitude, and 
the Angle ADC is complement of Middle Latitude, and 
its oppoſite Side AC is the Diſtance ; and hence it muſt 
needs follow by the known Proportion of Sides to their 
oppoſite Angles, and the contrary, that as Sine of ADC 
to AC, ſo Sine of DAC to DC: Therefore, as Sine Com- 
plement of Middle Latitude to the Diſtance, ſo Sine of 
the Courle to Difference of Longitude. 

Theſe Methods of projecting Middle Latitude being 
the moſt demonſtrative Proofs of the Analogies or Propor- 
tions generally made uſe of in the Trigonometrical or 
Arithmetical Calculation thereof, and therefore the moſt 
uſeful, I ſhall add one or two more, although there are 
almoſt infinite Methods for doing it; as one Way that 
is commonly uſed is by Semicircle, a Way very much in 
Practice, in which I ſhall inſtance in the foregoing Caſe. 
A Ship ſails from Lat. 504 om North, and fails N. W. by 
N. 987 Miles; I demand the Latitude come to, with De- 
parture and Diff. of Longitude. 

With the Chord of Go, and one Foot in H draw the 
Semicircle AME, and at one End thereof, as 
at A, make an Angle of 334 45m, the Courſe 
given, and lay down the Triangle ABC, with 
the Courſe and Diſtance, as in Plain Sailing; and having 
found the middle Latitude, which in this Gueſtion is 
£64 51m, ſet off the Chord thereof both Ways, from 


Fig. 46. 


M to I and X, and draw IX to cut HMin L; then ſet 


the Diſtance L M from A to D, and from B to E, and 
continue the Line MH till it cut the Line AC, as in &; 
then from E erect the Perpendicular EE, and from D 
through N draw DG to cut EG in 6; then is EG the 
Difference of Longitude, B 5 the Depart ire, AC the 


Di 
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Piftance 4B the Difference ol Latitude, and the Angle 
C 4 the Courſe. | 


Another T rojc&ion of the ſame Dpeſbion. 


With the given Courſe and Diſtance lay down the 
Triangle ABC, as in Plain Nailinz, Caſe J. 
and having found the middle Latitude, as be- 
tore, ſet off the Sine of the Complement of mid. 
dle Latitude upon the Line AB, from A to D, and 
ſu cep the Arch D; then with the Departure BC in your 
Compaſſes, and one Foot in D, extend the other along 
the Arch D Eto , and draw the Line D E equal to BC, 
and through / draw {FE continued; and then with the 
Sine of go, and one Foot in 4, draw the Arch G , till 
it cut the Line JE continued in H, and draw the Line 
G H, which meaſured on the ſame equa! Parts from which 
the reſt were projected, gives the Longitude required. 
Theſe four Mzthods are ſufficient to entertain the Rea- 
der with Variety; and I ſuppoſe it altogether needleſs to 
inſtance in any more Caſes; it being very eaſy, from 
what is given in any other Caſe, whether both Latitudes 
and Courſe, or both Latitudes and Difference of Longi- 
tude, Sc. to make the ſame Projection, as a little Prac. 


tice will make evident. 
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Navigation Trigonometrical. 


ner 


Plain Trigouomet ry. 
3 the ſolution of all plain Triangles, whether right 


nzled or oblique, there are always threz th.nzs given 
to find a fourth, ſuppolinz the Radius in rizkht-2n- led 
Triongles to be always given or known; which thre. 
ven Terms are alw aus the firſt in the Proport! ion, at the 
required Term is always the fourth or laſt; en they are 


always to be placed in ſuch an Order, that a 10 ere 


may be, as the firſt Term to the ſecond, ne taircd to 
the fourth : And before the admirahble 5 chtion of 


garithms, the Method was, as in other 0 1 the Rule: 
of Three, to multiply the two laſt Numbe Eich other, 
and divide the Product by the firlt Nut nber, and the 
Quot! ent was the Anſwer to the Queſl.on; it 1,5 the 
nelp of Logarithms the Work is mich fac i:-red : For 
having ſet down the Numbers in the: prover Oruer, and 


their Lozaritams againſt them, as you ſee in the Cal ow. 
ing Examples in Plain $0: ling, y ou have no more to de 
but add the 
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the ſaid third or ſecond Term, not Radius, and from that 
Sum ſubtract the firſt Term, the Remainder is the Loga- 
7:thm of the fourth Term required. But if none of the 


Terms be Radius, as it frequently happens in oblique _ 
plain Triangles, but that every Term be the Logarithm, 


Sine or Tangent of ſome intermediate Degree or Number, 
then inſtead of the Logarithm of the firit Term, whether 
Number, Sine or Tangent, Sc. take its Complement 
Arithmetical, which is done thus: Begin at the Left 


Hand, and ſubtract each Number from 9, and ſet down 


the Remainder, till you come at the Figure next the 
Right Hand, which ſubtraQ from ro, and ſet down the 
Remainder as betore. This Number thus found is called 
the Complement Arithmetical of the Logarithm from 
whence it was taken, and is to be ſet down againſt the 
firit Term, inſtead of the Logarithm it ſelf, and the 
Logarithms of the ſecond and third Terms in their pro. 
per Order under it; which being done, add up all the 
three Sums together, and from their Sum ſubtract the Ra. 
dius or 10 towards the Left Hand, the Remainder is the 
Logarithm of the fourth Term ſought. 


Plain Trigonometry right-angled. 


CASE I. Hypotenuſe and one acute Angle given (conſe. 
quently both) to find à Leg. See Plain Trigonometry Ges. 
metrical, Cale 1. 


Hypotenuſe—————;5;ot Required AB and 


Given The Angle at 4 354 om{ BC. 
1. Making the Hypotenuſe Radius, the Leg BC is the 


Sine of the Angle at A, and the Leg AB is the Sine Com. 
plement of the ſaid Angle, by the Explanation of Axion 
the firſt; therefore the Proportion is, As the Radius to 
the Hypotenuſe, ſo tne Sine Complement of the Angle 
at 4, to the Leg 1B. 

Again, As the Radius to the Hypotenuſe, ſo the Sine 
of the Angle at 4 to the Leg BC. | 

2. Making the Baſe Radius, the Perpendicular BC i 
the Tangent of the Angle at the Baſe, and the Hypote 
nuſe the Secant ot the ſaid Angle. By Explanation ©! 
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cant of the Angle at A to the Hy 
randy uy pos f 1 e Hypotenuſe, ſo is the Ra- 

Again, As the Secant of the Angle at 4 to the Hypo. 
tenuſe, ſo is the Tangent of the ſaid Angle a: 4 to 
the Leg BC. : 

Note, Making the Perpendicular Radins, is the ſame 
as making the Baſe Radius, the Hypoteniſe ſtill cont. 
nuing to be a Secant. | 

In this Part I have purpoſely omitted the Operations 
by Logarithms, they being inſerted at large in P/ain ant 
Mercator's Sailing, which is the Application of Plain Tr;. 
gonometry to Newvigation ; but the Things given and re- 
quired are the ſame in both: For whereas in Cite I. of 
Plain Trigonometry right-angled, there is given the Anzies 
and Hypotenuſe to find a Leg, ſo in Plain Si, Cale . 


there is given the Courſe (which is the Angle at the Biſe) 


and conſequently its Complement (the other acute An 
and the Diſtance (which is the Hypotenuſe) to find cither 
Leg or both (which are Difference of Latitude and Depar. 
ture) and the Rules for Calculation are the ſame. 


CASE II. Given the Angle at A, and a Lg AB, to 
Fe 1 Hypo enuſec. See Plain Tr igonomet ry Guiumotrica * 
aſe II. | 


1. Making the Hypotenuſe R:dius, The given Leg will 
be the Sine Complement of the Angle at A by the F-xp'a- 
nation of Axiom the firſt; therefore, As 8. Comple. 
ment of the Angle at 4 to the Baſe, ſo is Radius to the 


Hypotenuſe. 


2. Making the Baſe Radius, the H, potenuſe is Secant 
of the Angle at A; therefore, As Radius to the Bale, [9 
Secant of the Angle at A to the Hy potenuſe. 


2 5 fo 2 the Angles aud à For, os ful the 
_ 07 her OT. den tho Le A Hefe # rer: fo 
Leg BC. | 4 B, 43 befere 1 QUITO! thy 


| 22 Each Caſe here always refers to the ſume Caſe 
n Flain Trigonometry Geometrica, both in right-2ngied 
and oblique, 4 £5 
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t. Minkins the Hypotenule Radius, the given Leg is 
Sine Complement of the Angle at 4, and the required 
Jeg BC is the Sine of the ſame Angle; therefore, As 
Sine Comp'ement of the Angle at 4 to the Leg AB, lo 
Sine of the Angle at A to the Le: BC. 

2. Makin: the Baſe Radius, the Leg BC is the Tan- 
gent of the Angle at 4; therefore, As Radius to the Leg 
F. J. {9 Tae ol the Angle at A to the Leg SE 
, Both theſe Cates, the ſccond and third, are con- 
tained in Caſe II. ot Plain Sailing, where the An- 
gles and a Leg (vis. Courſe and Difference of Latitude) 


are given to find n Diitance (which is the Hypoteneſe) 


hy Caſe the ſecon 5 and the other Leg (which is the De- 
parturc) by Caſe the third. They are alſo both compre- 
bended under the third Caſe of Flain Sailine, there be— 
ing al the Angles and a Leg given, viz. Cour'e and De- 
parture, to find Diſtance and Difference of Latitude. 


CASE IV. Given ihe Hy/tenuſe and a Leg, to finl an 
Angle. Given Hypotenuſe AC and Leg AB, required BAC. 


1. Making the Hypotenuſe Radius, the Leg AB will 
be the Sine Complement of the required Angle; there- 
fore, As Hypotcnu'e to Radius, ſo Leg AB to Sine 
Complement of the Angle at A. 

2. Making the Baſe Radi. 's, the Hypotenuſe is the Se. 
cant of the Angle at 4; tnerctore, às the Baſe AB 
to Radius, 16 the Hypotenuſe 40 to the Secant of the 
Angle at A. 


CASE V. Given the Hypotenuſe and a Leg, to find the 
other Leg. Given AC and AB, required BC. 


1. Vaking the Hypotenuſe Radius, the required Leg 
BC is the Sine of the Angle at 4; therefore having 
_ the Angle at 4 by Caſe the fourth, the Proportion 

As Radius to the Hypotenuſe, ſo the Sine of the An- 
ele at A to the Leg BC required. 

. Making the Baſe Rad 41us, the required Leg BC is the 
Tanzent of the Angle at A; therefore having "found the 
Angle at A, as before, the Proportion is, As Radius to the 
Zaſe, {0 Ta agent of the Angle at A to the Leg BC required. 
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Theſe rwo Caſes are jointly comprehende in the fourth 
and fifth Caſes oi Pain Sailig, in each of which there 
is given the Hypotenule and a Leg, to find the other Leg 
and tne Angles. 

Note, It is moſt uſual, in moſt Caſes in I/ S$27liny, 
to work aſter the Method here delivered, making the 
Hypotenuſe Radius, becauſe that way of ſtit h brinzs it 
under that known Proportion of oppoſite Sides to oppo- 
ſite Angles. 


CASE VI. 7he Legs given, to finl the An;1c5. 
A B and BC, required B A * 


G. & C nt 


Note, When a Side is required, any Side may be made 
Radius; but to find an Anale a given Side maſt he mace 
Radius; and here being obliged to {ind an le betore 
we can find the Hypotenuſe, we ſhall make the | eg 1 2 
Radius, and then BC is the Tangenc of the Anale at . 
Therefore as 4B to Radius, ſo BC to the Tangent of 
the Angle at A required. 


2 A 8 E VII. Given the Less, 9 u theo Flopreteni/ce 
Given AB and BC, to ud AG. 


Fir, Find the Angle at A as before, and then, 
1. Making the Hypotenuſe Radius, the Bar (5 


— 


the Sine Complement, and the Perpendicalar 2 C is tie 
Sine of the Angle at A; therefore, As Sine Camplemenc 
of the Angle at A to the Baſe 4 2, ſo is Rauilius to the 
Hypotenuſe 40 required. Or, As Sine G7 the Anglz ay 
A to the Leg B C, io Radius to the Hyzorem required. 

2. Making Baſe Radius, and haying found the Angle 
at A, it is, As Radius to the Baſe, io the Serant of tlic 
Angle at 4 to the Hypotenuſc. 

Theſe two Caſes are both contained ander the fixth 
Caſe of Plain Sailing; and if you carefully oberve the 
Rules laid down in the Beginning of lain N,, Ge- 
metrical, about the Application of Plain Trang les 65 
Queſtions in Navigation, the Connection between thein 
will appear fo plain, and the Directions viven in one 
will be ſo plain and pertinent in the other, that there 
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needs no more to be ſaid to inſtruc the Reader as to the 
Solution of right-angled plain Triangles. 


SACT. It 
Of Obligue Plain Triangles. 


I | Shall de a little more particular in this Section of ob- 
lique Triangles, becauſe we have them not anſwer'd 
numerically elſewhere in this Book, except in ſome 
Queſtions at the latter End. 


CASE I. Two Angeles and à Side oppoſite to one of them 
given, to find the Side oppoſite to the other. 


The Angle at 4—304 om . = 
Given >The Angle at B— 45d om 26 "ay the Side 
The Side - BC: po : 


By Axiom the ſecond. 


As Sine f 222. 3;od om Co. Ar. 0.3010; 
To Side oppoſite B60 200 2.46230 
So Sine of B 

To Side oppoſite AC required 410 


— 


2.61290 


Note, Here being no Radius in this Proportion, I have 
taken the Complement Arithmetical of the firſt Laga- 
rithm, and added all the three Sums together, omitting 
one to the Left Hand, according to the Directions in the 

zinning hereof. | 


CASE 


ob- 
wer d 
ſome 


F them 


ide 


30103 


46239 1 


. 84048 
61290 


I have 
 Laga- 
mitting 
s in the 


CASE 


Sed. 2. Oblique Trigonometry by Logarithms 4» 


CASE I). Two Sides and an Angle oppoſite to one of them 


given, to find the Side oppeſite to the other. 


Side A B——;z60 ) | 
one S . Side ee Required the Angl 


The Angle B 35d om 5 at C. | 


By Axiom the Second. 
As Side A C— —— Co. Ar. 7.38722 
To Sine of the Angle oppoſite 45 © 0.84948 
So Side AB — — OO 2.74818 


To Sine of the Angle oppoſite 744 58m. — 9.98488 


Note, This Anſwer is ambiguous, and therefore it is 
neceflary firſt to know whether the Angle ſought be acute 
or obtuſe, which if acute, it is 744 58m, but if obtuſe, it 
is found by ſubtracting 74d 58m, from 180, the Remain- 
der od zn is the obtuſe Angle required. 


CASE III. Given two Sides, and an Angle oppoſite to one 
of them, tc find the third Side. = 
560 


The Side AB J ; | ü 
Given 2 The Side A C tho. gel the Bits 
| The Angle at B 45d om d 5 


Find the Angle at C, as in Caſe II. which, if ſuppoſed 
acute, is 744 58m; then the two Angles B and C being 
iven, the third is found by Subtraction to be God 2m. 
hen by Axiom the ſecond, | 


d m 
As Sine of B — 45 © — Co. Ar. o. 15052 
To Side oppoſite AC —— 410 — —— 2.01278 
So Sine of 4 — 60 2 — 0.03767 
To Side oppoſite⁊æäqͤ 502. —.— 2.70097 


But if the Angle at C had been ſuppoſed obtuſe, 2 18 
1054 2m, the Angle at 4 would have been 29d 58m, 
and then the Operation is, | 


As 
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d m 
As Sine Of 5-5 0 Co. Ar. 0.150; 
To Side oppoſite AC — 02.6278 
So Sine of 4 m—_—_ 58 9.60853 
To Side oppolite B C — 290 2407 N3 G 


CASE IV. Given t:vo Sides an à contained Anzle, 1 
ful either of the other Anzles. 0 


; The Side AC 410 
Given The Side 4 560 5 1 e * 
4 » 


C The Angle A zod om 


By Axiom the Thirl. 


As Sum of the given Sides — 070 Co. Ar. 7.01321 


To their Difference. 150 2.17009 ; 
So Tang. of + Sum of unknown d. 
Angles eee 754 COM—TO.57104 


5 


To Tang. of; their Difference —29 59 — 9.701 20 


V3 


, The Sum is the greater Angle C a 1044 5om. 
The Difference is the lefler Angle B 35 1 


CASE V. Two Siles and à contained Angle given, t6 
| find the third Side. 


The Side 40— 410 
Given The Side 45 —3 60 Required the Side BC. 
C The Angle 4--304 om 
Find the Angle B by Cale IV. _ 454 im. Then 


As Sine of B — —45 1 Co. Ar. o. 15039 
To Side oppoſite 4 C ——_—0 — 2.01278 
N ; So Sine of — 30 O 0.090897 
f . To Side oppoſite BC 290 en, 1.02 I 


4 
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CA 8 E. VI. Three S, 'es given, to fin 7 an Angle. 


The Side AC 4100 
Given The Side CB 290 Required the Angle at A. 
The Side AB 5% 5 
Let fall a Perpendicular from C the g-eateſt Angle 
won AB the greateſt Side, by Axiom the fourth. 
Co. Ar. 
5LO—7.25182 


As the Baſe A B- — 
To the Sum of the Sides AC 40? 
and CB 200 \ 
So the Difference ot tlie faid Sides =—120—2.07018 
To the Difference oi the Ser. Ws 
ments of the Baie A Dow 


—7c0—2.84509 


1509—2.17009 


The half Difference 75 added to half the Baſe 280, 
the Sum 355 is the Baſe 4 E. 

The half Difterence 755 ſubtracted from half the Baſe 
280, the Diff. 205 is tne Baſe EB. 

Then in the right-angied Triangle AEC is given AE 
355, AC 410, to find the Angle A. 


| Co. Ar. 
As AC — — 410— 2.61278 
To Radius — — — O to. oooo 
80 4E— — —— 35 5— 2.555022 


-- — — — 


To Sine Comp. of tlie Ange at 1 30 1 


9.903744 


After the ſame manner you may ſind the Angle E. 


SECS, 


Plain Sailing Trigonometrical. 
a 


Lthough the Method here propoſed be new and ſhore 
without the Trouble of Logarithms, Sines, Tan. 
gents and Secants; yet 1 ſhall by the way ſet down an 
Example 
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44 Plain Sailing Trigonometrical. Ch. 2. 
Example or two in every Caſe, both in P/ain Sailing and 


Mercator, according to the old and common Method, 
partly for the help of thoſe, who either through Negli. 
gence, or want of Opportunity to practiſe, have forgot 
at Sea what they have learn'd at School; but chiefly, that 
in all the Examples wrought by the new Way, I may 
refer to thoſe wrought by the old Way ; that ſo the Rea. 
der ſceing the exact Harmony and Concord which is be- 
tween them, may (to his great Satisfaction) be convinced 
of the Verity and Infallibility of this new Method, equa] 
to the beſt for Truth and Certainty, and ſuperior to al 
for Expedition and Readineſs, 


Plain Sailing. 


CASE I. Courſe and Diftance given, to find Difference 
of Latitude and Departure. 


A Ship ſails N. W. by N. 123 Miles; I demand Diffe- 
Fence of Latitv-e and Departure. 


Fir for the * Latitude. 
m 


As Radius — 90 OO -= re. ooooo 
To the Diſtance ſa id —— 123 2.08990 
So Sine Compl. of the Courſe 36 — 9.9185 


To Difference of Latitude — 102 2.00975 


For the Departure. 
4 m 
As Radius 00 OO Co. Ar. io. ooo 
To Diſtance ſailed — — 1 23—4—mö 2.08000 
So Sine of the Courſe 33 45 9.74474 


To Departure ⁊k⸗v— . — 8 — 1.83404 | 


Example 2. A Ship ſails South 25 Degrees Eaſterly 
96 Miles; I demand Difference of Latitude and Depar- 
ture. 


For 


” $Seft.z3. Plain Sailing Trigonometriral. as 
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For Difference of Latitude. 
4 


m 
As Radius — 00 doo 10.00800 
To Diſtance failed — — 96 1.08227 
So Sine Comp. of Courſe— 65 00 _9-95728 


For the Departure. 
d m 
As Radius —— 90 OO [0.00009 
To Diſtance ſailed — 0 1.98227 
So Sine of the Courſe — 25 O00 — 0.62508 


To Departure ⁊vwp ʃͤk.kꝛ — 403 1.00822 
CASE II. Courſe and Diff. of Latitude given, to find 
Diflance and Departure. 


A Ship ſails S. W. by S. till her Diff.. of Latitude be 
174 Miles; I demand her Diſtance and Departure. 


Por the * 


| m 

As Sine Comp. of Courſe — 56 15 — g.o08 
To Diff. of Latitude — 174 —— 2.24056 
So Radius - — 9 O--10,,0000 
To the Diſtance —— 209 — 2.32070 

For the Departure. 
d m Co. Ar. 

As Sine Comp. of Courſe— 56 i5 — 0.08016 
To Diff. of Latitude —1 74 2.24085 
So Sine of Courſe — 33 425 — 9.74474 
To Departure. I 20544 


Example 2. A Ship ſails North 38 Degrees Weſterly, 
till ſhe raiſe the Pole 2 Degrees; I demand how far the 
hath ſail'd, and how much ſhe is departed from her firſt 
Meridian. 

The 2 Degrees of Latitude reduced into Miles, is 129 
Miles. Then for the Diſtance. 


A 


46 Plain Sailing Trigonometrical. Ch. 2. 
4 m 


As Sine Comp. of Courſe——zz oo 9.89653 
To Dil. of Latitude 120 A ois 
So Radius — — — 90 OO 10.00000 
To the Diitance — — — 78205 
Fer tho Departure. 

i: Co. Ar. 
As Sine Comp. of Courſe — 52 09 —— 0.70347 
To Diff. of Lat:tude — 120 2.07918 
So Sine of Courſe — 38 00 9.7893 
To Departure — — 4 —7 97195 


CASE III. Cœurſe an! Departure given, to find Diſtante 
and Difference of Latitude. 


A Ship ſails S. E. by S. till her Departure be r03 Miles; 


I demand her Diſtance and Difference ot Latitude, 


For the Diff ance, 
7 


m 
As Sine of the Courſ.— 33 45 ——— 0.74474 
Jo Departure — — 103 — 2.01284 


80 Radius — 


To the Diſtance 


90 OO .- 
— 185 — — 2.29810 


For the Difference of Latitude. 
#0 Co. Ar. 
As Sine of the Courſe— 33 45; — 0.23526 
To Departure . 103 2.91284 
So Sine Comp. of Courſe— 56 15 — 019%; 


To Diff. of Lat... 154 — 2.18794 


Example 2. A Ship ſails North 19 Deg. 4r Min, 
Eaſterly, which is N. N. E.! Northerly, till her Depar- 
ture be 72 Miles; her Diſtancc and Dificrence 0! Latitude 
is required, 


For 


22 


h 4 
— 29 — 


89653 
07018 
00009 


m—— 2 — — 


18205 


70. Ar. 
10347 
07918 
78034 
97199 


lance 


Miles; 


74474 
51284 


20000 
29810 


0. Ar. 
25520 
>[284 
21984 
18794 
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Fer the Diftance, 
E-.--W 


As Sine of the Courſe 19 41— 0.739 
To Departure 72 1.85733 
So Radius 90 o o. o 


— — 
— _— 


To the DiltanCe— —_—_— — 214 — 2.2094 


For the Difference of Latitude. 
4 


m Co. Ar. 
As Sine of the Conrſe———— 41 9.7260 
To Departure — — 1.85733 
So vine Comp. of Courſe 19 — 9.07385 


To Difference of Latitude — 20] 2.30378 


CASE IV. Diſance an Difference Latitude given, 


to fu Courſe and Departure. 
A Ship ſails between the North and Eaſt 110 Miles, 


and then finds by Obſervation that ſhe hath raiſed the 
Pole one Degree; I demand the Courſe and Departure. 


The Difference of Latitude reduced to NM:les or Mi- 


nutes, 1s 00. 


Then for the Courſe. 
As the Diſtance 


To Radius 90 oon 
So Difference of I atitude— 60 —— 1.77815 


To Sine Comp. of Courſe — 35 
Which is N. E. by E. neareit, or N. E. by E. 42 min. 


Eaſterly. 
For the Departure. 
: il 3 
As Radus o——- — 0 -----,.co99q 
To the L. ce — 110 


2.91129 
$7 m—— 0.02734 


So Sine of Courſe —50 
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Example the Second. 


A Ship ſails between the North and Eaſt, till her Diffe. | 


rence of Latitude be 103 Miles, and then is diſtant from 


the Place ſhe fail'd from 117 Miles, her Courſe and Depar- 


ture is requir'd. 
For the Cour ſe. 


As the Diſtance 
To Radius 

So Difference of Latitude 
To Sine Comp. of Courſe — 


— 117 cou 2.06818 
ood OOM — 1.00000 
— 103 2.01284 


ee 


28 195 —— 9.94400 


For the Departure. 


iS 4 mM 
As Radius — 90 OO 10. oo 0 
To the Diſtance o— 17 —— 2.06818 
So Sine of the Courſe —— 28 19 —0.67609 


The Courſe is N. N. E. ſomewhat more then half a 


Point Eaſterly, and the Departure 55 Miles 3. 


CASE V. Difance an] Departure given, to find Courſe 
and Difference of Latwuude. 


A Ship ſails between the South and Welt 12 4 Miles, her 
Departure 95 Miles; 1 dgnand the Courſe and Diff. of 
Latitude, 


For the Courje. 


As the Diſtance —V—— - 00: 
To Radius L- god oom ——10.00000 
So Departure „ 1.97222 


To Sine of the Courſe— 30 0 9.8835 


Fer 


Ch. 2. 
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Fer 
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For Difference of Latitude. 


As Radius — 
To the Dift:nce — [24 cnn 2.00743 
So Sine Comp. Courſe 39 00 — 9.80805 
To Difference of Latitude 


The Courſe is S. W.; Point Wefteriy, or 4 Points 
neareſt, The Difference of Latitude 80 NIiles. 


Example the Second. 


A Ship ſails North Eaſterly 100 Miles; till her Depar- 
ture be 38 Miles, ker Courſe and Dificrence of Latitude 
2% required, 


For the Corſe. 


As the Diſtance — 1 om. 0000 


To Radius ——— — p90“ o — 19.0200 
So the Departure — — 38 — 1.57078 
To Sine of the Courſe 22 269.5797 


For the Difference of Latitu e. 
As Radius 


— 094 007 t 0.00000 
To the Diſtance ——— — 1 00. ——— 2.00099 
So Sine Comp. Courſe —57 49 —— 9.99613 


To Difference of Latitude =————) 


5306 
1.29013 


The Courſe N. N. E. ſere; and DiZerence of Lati- 
tude 92 | 


CASE VI. Diference of Latitude an Dofparture owe 
to n Courſe and Diftence. 


A Ship fails between th North and Wag, till her 
Difference of Latitude be 220 Min. and Devartare 108 


wes kb 


PY 


+ 


Min, or Miles; I demand Courk and Dittius 
E | Fer 


50 


JS f iu 7 133 1 
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Tor the Cr He. 


As Difference of Latitude 
To Rag iS a 98 o 


To Tangent of the Courſe 


As Sine of the Courſe - 264 
To l parture— 7 
80 Radu. — — 7 
To the 5 6 — — 245 ie 


Tlie Ccurſe N. N. W. ſomev hat more than] Weſterly. 


5 8 £08 
ran E 540 Miles. 


; - 1 z © 77 f 3 o J 
= * 0 * 5 
F... "#64 £ L 0 .. 


Ship fails betten the South and Weſt, until her 


FA : qv THO 14118 


. i Lativice be 30% Min. and Departure 209 


) fr: ERCe ot — 
lin 4 demand the Courſe and Diſtance. 
23 ; 150 (cc 44 750 
9.0 8 1 „ — — JO) — 2.48905 
— —— 27 00M --19.00000 
SO bon at TOs — — — 05 4 31380 
ths Tan. +? £14 36 E „ ſe | 
Eo Lansen tot the ene — 233 41 — —— - 0. $2301 
F the. Diga8nce. 
grew the Courſe — 331 9.74308 
F4 — —— — — 206 — 2 31385 
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The Courſe S. W by 8 fery, the Piftance 371 Miles. 


Tuus I have [et down two Lxampi<s in every Caſe 
of Plein Sling, 2ccording to the old and »mmo':: 
Way ol work! ng by Logar.thms, Sinzs, and Tan cents. 
having ob ſer ved in the three firſt Caſes where the 


Courſe is given, to ſec one Queſtion with the Courſe 


— 


giren in Points of the Compaſs, as N. . W. e. and 
another with the Couric given in egrers, as Sonth 
25 Degrees Easter iy, Ic. intending u the Sciel 
herea!, to proceed to ſhew ths Reader kor to ander 


all the ſame Queitions, (where the Coprſe is ether gi- 
ven or required, in Points. Italf points, or Quarter- 
points of the Compoa's) withont any Caton, Scale 
Compaſles, only by YES) Tables, each of which | 
both if need required) might be contain“! in one Pace 
hereof, which Tables you have at the Re. inninz of 


the ſecond Part of this Book; by which T les chi 


* 


you may work all the Ca'es in Plain Sins, and Kerb 
a Journal by that Way, without a Traverſe Tale, o: 
the voluminous Tables of Logarithme, Sins, Tancents. 
Sc. which fiil up the far greater Part of ſome ot on: 
3 of MACON now a Prmt: ou mi 
alſo by the fame, and a Table of :5:ridicns} Parc. 


work all the Cates in Mercator, "Hind KCcp. a Ker kon 
throughout ail the Woiid ; and not only fo. but te +) 
Work may juſtly de'erve the Pitle of a New 5 

1 ſhall add iome Rules teaching how to | 
Queſtion in plein Trigonometry, or Naur, on, ö 


by the Pen or a Piece or Chatt, Without 2 G0 
metrical Projection by Scale and Compass or Arithe 
ietical Calculation by Sines and Tancer:: Jo. thit 


if at Sea you have loſt all Books and Inſt-uments 
if a- ſhore yon he in Company where you ts 
nor Inſtruments preſent, vou fail wo 
as exfity as a Queſtion in Cor noi Arn! 
never yet Known, nr puh by 


5 * 


2 


. mw ; 
1194 proceed | to propole in EXa male. £1 


ſeveral Caſs GY, 
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Mercater's Sailing Trigonometrical. 


CASE I. 0% Latitude, Courſe ai Diftance given, ts 


Ful the ok. * Latitune. and D feren: re of Lons Sade. 
T* this. and tie other Caſes, we ſhail have Occafo: 


to make ule ot the „ me 0 88. Difference of Lati- 
tude, for the finding of which, obſerve; If two places 
(whoſe meridional Piderence of Latit ide you ſeek) be 
toth in North Latitude, or both in Soath Latitud-, 
tract the meridional Parts of the lefcr Latitude from 
the meridional Parts of the greater Latitude, the Re- 
iner 14 the meridionn] Difference of Latitude; but 
i one be: North 1 atitnde, and the other in South, 
41d the ricridionsd Parts of both Lat'itades together, the 
Sim tf the meridional Differenc= of Latitude; the toilow- 
n Lxamples will make it plain. 


in Jatit e , 50) oom North, ſails N. W. 


7) | 
„% N. , Mies; I demand the Latitude come to, as 
allo the Ditercts: ot Longitude. 
As Rus — — do oon —— [0.00000 
Co the biſtnen — — — 987 2.99432 
MA ue LAMP. Couric — — — $9 15 9.91984 


820 


4 I Doerr Diff oO! 1Lat;tua? 2 01416 

+}. !),#.vance of 1.it:tade 820 min. divided by 60, 
9 . 5 Bp It 1150 Derr f Ses, 17 134 400, Which added to 
FG tin e Ship . 5 towards the Pole, and in- 
N aide the S 534 40% is the Latirnd 
'. bai hi = 1 um 23 + jt 8 — atitude 
ei ent {1d ths mcridional Difference of La- 
ten oils 14% 42 40% and Lat. god. 


Ner- 


— H ˖—— —— oo - 


"Ml, e 


Ae. 


a ion 
Lati- 
places 
0) be 
tud-, 
from 
> Re- 
- but 
zouth, 
„ the 
ilow- 


J. W. 


to, as 


"— — —— — 


dect. 4. Mercator s Sailing Trigonometrical. 5; 


Meridional Parts for Lat 634 4015 — a 
NMeridional Parts for Lat. 50 oo- 32 


Subtr. cne from t other, reſts Merid. Diff. Lat. 1; 9 


Then for Diforence of Lengitade. 


d m 
as Radius . —-—g0 O09 —— 0.00000 


So Tangent of the Courſe — 33 45 9.82489 
To Digterence ot Longitude — 1015 3.05644 


The Jatitade come to is $34 40m, and Dif Long. 101 5m, 
which divided by Go is 10d 55m Weſt Longitude, becauſe 
the Courſe is Weſterly. 


CASE II. Both Latitud-s and Courſe given, to find the 
Diftence and Difference of Longitude. 


A Ship ſails from St. 4/b's Heal, in Lat. 56d 25m 
N. and fails away N. N. E ſeveral Days, and then finds 
her ſelf by Obſervation to be in Latitude 684 30m ; I de- 
mand how tir ſhe hath fail'd, and what is her Difference 
of Longitude. 


a m 
Meridional Parts for — 8 30 5712 
Me rid ional Parts for — 36 25 4119 


Meridional Difference of | atit. ————————1;93 
Proper Difference of Latitude — 12 Og, Or —725 


Then for the Difance. 

4 m 
As Sine Comp. Courſe, ſe.—22 30 9.06501 
To proper Diff. of Latitude 725 — 2.80033 
So Radius — — — 90 0 10.0009 
To the Diſtance — — 785 — 2.89472 


ep 
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1 
„ *3 2.4 ; 2 
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0 11 11 ! 571 4 LD CODES ee A —⅜. * 251942 


« ne Diſtance if 925 Nies, or 552 Leagues almoſt, and 
10 0 Difference of | encitwie is 600 Nia. or 11 1. "recs 

ait from St. Alu £17.07, uh ed t 4d ror tre 1 on- 
zitude of St. Abb He, (accounting rom Pico Tem Tiff ) 
the Sum 277 1297 is the Longitule the Ship is in. which 
being found, find in a Miercator's Chart the Lonvitude fa 
found, and the Lcititiie „ Onlervation 68 m, and 
that is the Pont in the Chart mat your Ship is in, 
It you recxen Tour Longitide {rom Lor %, a3 is now 
CO ner :ly donc, . Rule 1s the ſan. 


CASE III. Ose Latilude, Cour e, ond Dif. erence ef 
Longit ud siven, 10 fend the ether Lali ade ant Di ance. 


A Ship in t fade zo, ſalis N. N. W. till ber Diffe. 
rence of l ide bo 7 Degrees, or 420 Min. I demand 
be cther Lat: „ and Diſtance. 


Fei the ci ber Lai ii ue 
a m 


As Tangent of the Courſe 22 JO — 0907722 
To iwfterence of Longitude 42 2.92325 
50 Radius O 00 10.99900 


To Mleridional Diff. Lat. 


1014 


Merid. Parts anſwering to Lat. $07 0012 3475 
To which add Meridional Diff. of Lat.. 1014 


8 1 he Sum — - —— 4489 . 


Which found in th Table of Meridional Pants, anſwers . 
to 597 Jom the Latitude come to. 


The Pp 


h. 2. 


50008 
20221 
51722 


7943 


and 
rees 
Lon. 
7.) 
which 
ide ia 
„and 
8 in 


Diffe. 
mand 


1722 
23245 
2000 
502 


3475 
1014 
4489 


Wers 


T be Pp, 


[ 
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Then for the Diff anc. 
| a m 
As Sine Comp. Of Courſe G7 20 — 9.9651 


= proper Diff. of Lat. 5 80 2.703 43 
80 Radu _cnm_—_— 90 „3 10. 00000 
To the Diſtance — 7 2.70782 


The Latitude come into is rod 4om, the Diſtance 622 
Niles. 


CASE IV. Both Teatitilcs an] Diftonce given, to find 


be Courſe a1 ifference of Longitude. 


A Ship in Latitude 52 / oon N. ſails 3505 NIiles, and 
then is found by Ob ſervation to be in Latitude 134 
12% N. I demand her Courſe, and Difference of Longi- 
tude. | 

The proper Difference of Latitude is found by ſab. 
trocting the Jefler Latitude from the greater, the Re- 
mainder is the Difference of Latitude in Degrees and 
Minutes, which multiplied by 60, gives the Difference 
of Latitude in Miles. 


Exampic. 

Greater Latitude $5047 com > 36 48 

Leſſer Latitude — 13 12 60 

Remains — 30 4 Y3208 proper Dift. Lat. 

41 
Meridional Parts ior Lat. 80 00 —34735 
Meridional Parts for Lat. 12 — a—_— 
Meridional Difference ©: } atitude — 267756 
Proper Dlücrence of Latitude Fe 
L 4 Hot 


£234 
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For the Cour. 


As Diſtance — 2505 —— 3.5247 
To Kaden: — 7 00m 10.0000 
So Proper IH. Of Lat. e208 
To Sine Comp. Couric — 39 57 


9.79903 


* + * . 
Fer the Di"crence of Lengitudc. 


-- 


* 
As Radius. 99 . 00 10.0205 1 
io Nieridiona! Dig. of Lat. — 7 3.42740 
50 Tang of the Courſe— 5 57 10,0908 » 
To Difference of Longitude 3298 3.5183; 


In the 1 foregoing Caſes J have purpoſely omitted the 
Canons tor ſinding the Departure, it being ſafficiently 
taueht in the C:its of Plain Sailing; and the Canons 
for finding it aue exactly the ſame in both, according to 
what 1s given. Nevertheleſs, in all the following Caſes 
(except the oth) the Departure is given, and therefore 
J ſhall make it one nece Vary Term in each of the en.uing 
Caſes: And when w: come to the Practical Part, 27g. 
the Keeping of a journal, I ſhall lay down ſome eaſy 
and compendious Ways ior redueing Departure to Diffe- 
rence ol Lonzitude, both by Mercator and middle La. 
titude, without any Canon. 


CASE V. Beth Latitudes gu Departure given, to fin! 
Courſe, Dillante, and Diff. of Longitude. 


A Ship fails from Lat. 554 oom N. and ſails between 
the North and Eaſt into Lat. 564 om N. her Depar- 


Se 


3.2440 


* 


ture go Mn. or Miles; I demand the Courſe made, the ' , 


Diſtance iail'd, and the Difference of Longitude, 


©2001 
4274) 
og08 » 
51853 


ed the 
eiently 
Canons 
Ing to 
r Caſes 
re fore 
n-uing 
TIE, 
ie eaſy 
| Drffe- 


lle La. 


to fin” 


etwee!! 
Depar- 


le, che 


Far 
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Fer the Courſe. 


As proper Diff. of Lat, — 
I 9 oo 10.00000 


For the Diflance. 


A m 
s Sine of the Courſe— 33 5 — 975470 
lo Departure — 5 —— 9897 
o Radius — 90 90 — 10.009900 
10 the Diſtance— — — 835 1.93 497 


For Difference of Longitude, 


3 RadiiSeomonnnonn———— 90 OO ——1 0.990000 
To Meridional Diff. of Lat. 124 2.09342 
20 Tang. of the Courſe——— 35 32 ——— 9.85380 


To Diff, Longitude — — ere — 1.04722 


Or, which is the ſame, 


as Proper Diff. of Lat. 70 Co. Ar. 8 15 49 
To Merid. Diff. Lat. — 124 2.09342 
50 Departure REA? moon BIS 2 9897 


To Difference of Longitude 89 fere — 1.94738 
CASE VI. Beth Latitudes and Difference of Longitude 
given, to find Courſe, Diſtance ani! Departure. 


Suppoſe two Places, one in Latitude 56 deg. 15m. N. 
the other in Lat. 58 deg. 35 m. N. tte:r Difference ot 
Longitude 2 deg. 30m. I demand the Courſe and Diſtance 
from the Southermoſt to the Northermoſt, and alſo tlie 
Departure. 


Proper Diff. Lat. 
Meridional Diff, Lat. 


260 


Far 
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Fer the Differcnre of Latitude. 


A m 


As Sine of the Courie — 28 07 Cr. /7.0.5273 
To Departure — it GO 1. 77515 
So Sine Comp. of ee 5 3 9.04826 


Difference of Latitude 112 Miles, or Minutes; or, 


x deg. 52 min. Which ſubtracted fant the Latitude ſail'd 
from, 58 der (becauſe the Courſe is Soutbert) the Re- 
mainder, 5£4 8m is the Latitude come to. 


Then fer the Diane. 


4m 
As Sine of the Courſe — 28 o7 0.67325 
To Departure —— 60 1.77815 
So Radius — 00 OD 15.000800 


Jo the Diſtance — 


For Difference of Long itudle. 


d m 


4800606 ⁵— 2 1 
28 07 0.72780 
110 2.04165 


Or Difference of Longitude may be thus fou. 


As Radius — 

To Meridional Diff. of Lat. 
So Tangent of the Courſe 
To Diftcrence of Longitude 


As proper Diff. Lat. — Cc. Ar. 


; 8 1 7.0400 
To Meridional Diff. Lat.. 200 2.31380 
So Departure —— 0 1.77815 
To Difference of Longituue. 110-2010 


+ ws 


n 
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60 Mercator's Sailing Trigonometrical. Ch.: 


CASE VIII. One Latitude Difftance end . 'Partm 
given, t0 finl the other Latitute, Courſe, 2nd D:iFrul 


of Longituie. 


A Ship in Lat. 39 deg. N. fails between the South 2 
Weſt 127 Miles, and then finds ker Leparture to be the 


Degree, or Go NMinates; I demand as above. of 
48? 

Ter the Cour /c. ke: 

1 

gs Diſtances oo — — 127 3 len 10 


So Lepartur: — — 60 1 225 15 
Ja 
Fer the Difference of Latitule. N 
14 m Co. 4 mo 


To Departure — — GO 1.7781 as | 
So Sine Comp. of Courſe Or 49 0.0457, 


io Dimercnce of Iattude —— [12 —— 2.0.8 


iN J. , 77727 , »4 bot 
For th» 7i* rence of Longitude. a 


2 * and 
As Radius —— 99 OO ——I0,000 cio! 
To Merii: Dit. 6: Tat. = 205 ——— zz ple: 
So Tang. af the Coaris— 28 1 wit 
To Dinercnee 01 Longitade Ir 2.042) 

Che Difference of Latitude is 112 Minutes; or 1 Devi + \ 7 

52 Minutes whit utracted rom the Latitude fail: BF 

from, 58 Dez. the Reria ger; 56 Des. £ min. is t. * 

Latitude come to; 224 the Difference of Longitude __ 

110 Min. or. t Deg. 20 Min. wich is to be ſubtract 1 

Tron the Longitude ſau'd from, if yo. are gecreali 7 

v T Longitude, fr | 7 

f 
7 
3 i 4 
Z. 4 


TA 


J. Ch.; 
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Departm 
Difer How 30 work Mercater's Sailinz, without a Table of Meri. | 


cicnal Parts. 


South 27. ſup] 
e to be the Table cf Artificialt Tenvzents ; for every half Degree 
of the Tangents above 4; anſwers to one Degree of La- 
titude, (the Characteriſt cx or Index of the Tangent 
teins rejected; and terefore to find the Nleridional 
Lexgues for any Latitade, add half the given Latitude 
- 2.103; 19 45: the Zum 18 2 E „degree, waoe Tangent maltivled 
10.000; by ten, and tze Produ divided by 370, the Q59mectt 
= 1.778; is the Meridional Leagues belonging to tha: 1a, 
"oh Hh av which multiplied by 3, gives (nearly) the MIierzdional 
Parts found in the Table. 

Nite, It you have a Table that hath 6 Figures, or 

Pa 4 more, in the Tangents, beſides the Index, you may ule 
0.325 the firſt 6 Figures, and need not multiply them uy 10, 


— 1.771 as before. | 
- 0.0457. But becauſe this Way is not of Uſe, except when both 


——— Latitudes are given or found, to find the Difference of 
' Longitude, tis beſt to find the Tangents anſwering to 
both Latitudes, and ſubtrat the leſs from the greater, 

and divide the Remainder by 376, which gives the Xleri— 
dional Difference of Lat. in Leagues, (which if you 


-I 0.000: — L | 
2.21 Pleaſe you may re ſuce to Miles, by multiplying by 2) 
— 3 I? 8 - 1 * T L SO — 
= 0.720 without further Trouble. 
"3 . 
9 Example. 
: ere 99 * ; 5 : . 2 
1 In the foregoin: Queſtion in the eighth Caſe of Mer- 
3 cator's Sailing Trigonometrical, the two Latituies ae 
DT 2 toand to be 53d 07; and 854 C. 
. e 
er. Ct IE * 4 A 
Nh” Half of; ö 20 18 — 294 CT: 
eren To which 204 48 
; It 
MH: 
— 7 
Hi ® FE 
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376) 20032000 Merid. Diff. Lat. in League 79 
3472 Which maltiplied by —3 
5 Gives Merid. Diff. Lat. in Mites 297 
Nearly agreeing with that found by the Table. 


And althe* this be not exactly the fame with the Table, 
yet the Difcrence i. icarce difſcernile; and therefore i 
may be of ercat vie where Fables of Meridional Part; 
Ae wann,, 


ar ep ogronp ual c ͤ #2 . „%% „ ͤ lll — PRSIru__ — — 


E - 


C47 92 70 CF; / 
A 641 TX K. 


7 . v @ 1  w* & 
2740 7 / [3.9] { 92 1 7 ical. 
CI 168 


\ ONE, rank the Caics of Parole! Kniiing amonaſt the 
\Z reſt of the Cees of Mentees Lalling; an indeed 
not without 20040 Nzaſon, eing. 11 grounded upon 
the 5 mc Projection, and :s reals a Branch of the ſame. 


7 4 4 
7 7. 12 1 , * > * 4 N 7 5 0 
To the leis, feen Fat 2282 ANA LMI rela te only 
. „ 1 Ei. *" C1 
10 — 10 II r * (34 INErentg * © 190 112 N Je, 2 . OL Ship 


or Flaces n the ſame. Faraile! or Latitude; Jchuſe ra. 
ther to peak Gir in ſo. muny diſtindt Cafes under 
that Head, and mall as before) ſet down an Eximple in 
ry Cain, and urs it the common Way (vig. by 
th: 35 eg - | Here, and Hal hereat 7&7 procend FO Wo 11 


IG. * 
, 

— 
= 


410, 6+. ++ \ i TP 5 {6{ ih p08 M Ti (GG: Jy 85 with: 248 — 
a ok ' 88 X 105 = 
mon, ohiy by ccamon Arithme tick; 
. — 
* . * - 
CASE I. Tu Jet for Platt (fone pinie, then 
' 1 7 
# = 14 4 + is + & * Fi 10 * , / [7 7, ” x 7 
Le: 
5 3 | 
MP ( 7 % e. ? Fiel _ 0 Ty N 11} 70 
NIII. 3 10 8 ie 1 CEC 


— ( 


m_ 
3 
—— — 


— Fable 
relore en 
gal Part; 


ne ſame. 
ate only 
oi Ships 
Huſe Ts 


C3 1 83 7779 7 4 F. N f 1 
T AV 5bith Sul j 87 OMIELTF iCiÞhe 2 hy 
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— — 2889 
5 — wel 4 4 V.; 4 
1 i4 - 888 —— — —E— 7 OY GO — * — . 
LW TAS NPE" Vow 4 5 Hoff 
Cc 143 . > F a 7" o 
. 4 + #1 TEE Co —— — — — — ů Ä— 7 mä —— — WT 3 8 * 
* — * 2 ec —„— — 
1 „e! — b ; f 1 , 14 4 4 . i Z 
'L S741 j 1 ———— , 5 6—— — 14 tf 
IT: * * — OY 
4 0 - - * s - — * 4 - 
k . Dez: ee . of 4 wh: KL. 5 Of3y Wi 1 ». OC 37 
-_ - yy + Þ% f ds 3 1 
—_ . * 4 — bd 4 43 2 1 ; * # . - 
v, 12 1 1 0 } 2 1 1 f n it 
8. 28 tl 4 - T- a 4 a 
CY / 2! £ Þ. N. i 2. 70 a } C4 


* o * 5 
aw 6 ”. — 7 4. 4 - 18 
lo ing Ex zm. 
* 
3 a _ . # 0 5 0 
» * be 4 q + 4 1 4 þ * _" # A = bt - 91 9 
j ne ;ALTITILUC 01 4 % * Ap ' 31 1 © . - 0 = * s & 
% 


DiRerence of Lone itade riven, to 20nd their inte! 
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64 Parallel Sailing Trigonometrical. Ch. 2. 


CASE IV. Two Ships ſailing direflly North or South, 
their Diftance in one Farallel given, to find their Diftance 
mn another Parallel. 


Example. Suppoſe two Ships in Latitude 50 Dez. ov 
Mia. North, diſtant 200 Miles, fail both directly North 


into Latitude 73 Deg. oo Min. I demand their Diſtance | 


in that Parallel. 

dm 
As Sine Comp. of Lat. ſail d from 50 oO C Ax. o. 1919: 
To their Diſtingse in that Parallel 200 2.30103 
So, Sine Comp. of Lat. ſail'd to 73 00 9.45303 
To their Diſtance in Lat ſail'd to 9 1 ———1.95899 


CASE V. Tus Ships in one Parallel, with their Di- 
Hance in that Paraliul gigen, failing both girectly North 
or South, with their Diflance in the Parallel ſail'd i 
green, to fin! the Latitu it come 19. ; 


Fxample. Two Ships in Latitude 30 Deg. oo Min. 
diftint 200 Miles, tail both directly North, till their 
Ditance is but 04 Miles; 1 demand the Latitude come 
tO. 


This is but the laſt Canon inverted, v2. 


Ce. / 
&s their Diſtance in Lat. ſail'd from — 200 


2 7.69807 
o Sine Comp. of Lat. /ail'd Q 1 | 


So Dittance in Lat. come to Of 
To Sine Comp. of Lat. come to—7; 09 


In theſe Five Caſes of Paraliel Sailing J have ſet down 

: 7 ? * — 1 - reg 

but one Example in eich Caſe, it being of no great Uſe 
in the Prac.ice of Navigation; and yt it was not ft it 
ſhould be omitted, bechuſe of irs Uietalneis, as being a 
good Help towards a right Netion ind Apprehention 
ef tur Terreſtrial Globe; tor in 1/3 Fgiling there is no 
ſuch thing as Difference of Longitude, as. d. HRHIn,⁊ t from 
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Departure ; but here the Difference between the one and 
the other is plainly evident, the Difference of Longitude 
being ſometimes twice or thrice as much as the Depar- 
ture, it bearing always the ſame Proportion to the De- 
p:rture, as Radius doth to Sine Complement of the Lati- 
tude or Parallel ſail'd in. 


— 


S 3c 2::VYE; 


Middle Latitude Sailing Trigonometrical. 


Ltho' Mi dle Latitude Sailing is not exactly true, yet 
breauſe of its (general) Conformity to the Globe, 
I ſhall not altogether omit it; for notwithſtanding that 
it comes ſhort of Mercator's (or rather HTight's) Sailing, 


(in which the Dezrees of Longitude bear exactly the 


ſame Proportion to the Degrees of Latitude in any Pa- 
rallel, as it doth upon the Globe) yet it exceeds Pain 
Sailing (which ſuppoſeth the Earth to be a plain Super- 
ficies, and the Degrees of Longitude and Latitude to be 
every where equal); and theretore ſeeing it hath been 
ſometimes taught and practiſed, as one of the Kinds of 
Sailing (or keeping a Reckoning) now in Uſe; I ſhall 
proceed to an Example in each Caſe thereof. And 
the rather I take notice of it, becauſe when I come to 
go over this in the new Way of Working wi:hout any 
Canon, I ſh2.] ſhew how it may be done, not only with 
more Eaſe and Expedition, but alſo much more nearly 
(f not exactly) agreeing with Mercator, and conſequent- 
ly with the Globle it ſclf, than what hach been com- 
monly taught and praQiſcd in that Kind of Sailing; but 
mall refer that to its proper Place in the Second Part 
hereof, and ſhall here proceed (as in Plain and Mercator, 
Ec) to werk the ſeverd] Cates of VII Latitude Sailing 


tae common Way, and the Analogics or Proportions made 


7 1 % C . * þ + qv" 27 8.4 SS > he. ar! 
ule of herein (beſides thoſe taught in Pla Katie, which 


* 24e 


36 Middle Latitude Sailing Chap. 2 


are applicable and uſeful here as weil as in Mercator's 
Sailing) are commonly theſe two, gig. 


As Difference of Latitade 

To Difference of Longitude, 

Sn Sine Complement of Middle Latitude 

To Tangent of the Courſe from the Meridian. 


The other Proportion is, 


Y . 1 N 


As Sine Complement of Middle Latitude 
To Radius, 


So is the Departure 
To the Difference of Longitude. 


And theſe Proportions may he inverted according to | 
what is given, and what is required by Euclide, lib. 8. 
Prop. 14 F 16. & Corel. always obſerving to make the 
required Term the laſt of the four in the Proportion; 
As ſuppoſe both LT atitudes and Courſe be given, and 
Difference of Longitude required, then the Proportion 


will be, 


As Sine Complement of Middle Latitude 
To Tangent of the Courſe, 

So Difference of Latitide 5 
To Difference of Longituce. 8 


And ſo ia others, as in the enſuing Operations will 
more plainly appear. 
There is alſo another Proportion of Uſe for findim 
the Courſe, Diſtance or Difterence of Longitude, whe: 
any two of them, together with both Latitudes, ar: 


given or ſound ; and the Proportion is, 
1 


As Sine Compiement of Mildle Latitude 
Is to the Sine of the Courſe from the Meridian, | 


So is the Diſtance failed _ 
To the Difference of Longitude. 
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And fo by inverting the Canon, any three of them 
being given, the fourth may be ſound. 


CASE, I. One Latitude, Courſe and Diftance civen, 15 
find the other Latitude, Departure, aul Diſſerence of 
Longitude. 


A Ship in Latitude 30 Deg. oo Min. North, fails N. W. 
by N. 987 Miles; I demand the Latitude come to, with 
the Departure and Difference of Longitude. 

See the ſame Queſtion in Mercater's Sailing, Caſe the 
firit, 


Fur the Difference of Letitude. 


dm 
To the Diſtance ——087 2.09432 
So Sine Comp. of Courſe; 13 —— 0.01984 
To Diff. of Latitude 98. — — 2,011. 
The Latitude come to is 63 Deg. 4r Min. 
For the Departure. 
mM 
As Radius 00 OO — 0.00002 
So Sine of the Courſe — 33 45 9.74273 
For the Difference of Lengitudo. 
Becauſe this Canon for fin; + to Difference of fon. 
"1tude is grounded upon the tatitade, obere 
that it is always found by addi the 2 {atitades to:e- 


ther, and half the Sum is the Mil !'s Caticade required. 


F 2 | This 


—. ee 1 , 
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m 
Thus is the Example the Latitude ſail'd from 50 oo 


The Latitude ſail'd to is 


The Sum s — 113 41 
The half of which is the Middle Lat. viz. — 56 5 


The exact Half is 36d som; but you need not be 
caretal to half a Minute : But where the Sum is an odd 
Minute, take always the bigger Half; for the Middle 
Latitude is a Latitude rather too little to work with, 
and conſequently the Sine Complement of it is always a 
Sine rather too great, and makes the Longitude come out 
leſs than really it ſhould be: And altho' there is no 
Way to find a Mean Latitude to work with as Middle 
Latitude (without too much Trouble) that will bring out 
the required Longitude the ſame exactly with Mercator, 
yet the Middle Latitude found as before, being always 
too little, the taking the greater Half, where an odd 
Minute happens, will be ſo far from augmenting the 
Error, that it rather leſſens it, and makes the Longitude 
ſo ſound more nearly (tho' not exactly) conformable 
to the Longitude found by Mercator's Sailing; which for 
Inſtance in this firſt Queſtion we ſhall work by each of 
the three Canons before mention'd, 


d m Co. Ar. 

As Sine Comp. of Middle Lat. 56 51 —— 5.26215 
To Tang. of the Courſe— 33 45 — 9.82489 

So Diff. of Lat. 821 —— 2.01434 
To Diff. of Longitude 1003 — 3.0013 

Again, = CO 

As Sine Comp. of Middle Lat. 56 61 — 9.737835 
To RadiuS——— 90 OO to. ooooo 
So Departure — 548 —— 2.73878 
To Diff. of Longitude 1003 — 3.00003 | 


Ag ain, 
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ain, nun Co. Ar. 
As Sine Comp. of Middle Lat. 56 5. ——— 0.26215 
To Sine of the Courſe 


. | 33 45 9.74473 
So is the Diſtance 987 2.9432 


CASE II. Both Latitues and Cour ſe idem, to 4 ul 
Diftance, Depariure and Difference of Longitude, 


A Ship takes her Departure from an Iſland, in Lati- 
tude 56 Deg. 25 Min. Nörth, and fails N. N. E. for ſeveral 
Days, and then finds herſelf by Obſervation to he in Lati- 
tude 68 Deg. 30. Min. North; I demand the Diſtance failed, 
with her Departure and Difference of Longitude. 

See the ſame Queſtion in Mercator's Sailing, Caſe the 
Second. The Difference of Latitude is 12 Des. 5 Min. 
or 726 Min, or Miles. 


- Then for the Diflance. 
4 m 
As Sine Comp. of Courſe S. C.—22 30 9 06501 
To Diff. of Latitude — 725 2.80033 
So is Radius — 009 oo 10.0000 
To the Diſtance——— — 75; 2.89472 


Then for the Departure. 


2 
As Sine Comp. of Courſe S. C.—22 30 Co. Ar. 0.03 439 
To Diff. of Latitude PIC mo 


So Sine of Courle, Sine 32: 30 
To Departure —— — — 


2.86033 
9.58284 
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d m 
As Sine Comp. Mid. Lat. S. C.— 62 28 — 9.66480 
To Radi —00 oo 10.00200 
So Departure — 300 2.47712 
To Difterence of Longitude 0.49 - 2.91225 


CASE III. Beth Laotitules and Diftance given, to find 
tHe Courſe, Departure au Difference of Lonzit ule. 


A Skip in Lat. 55 Peg. ov Min. North, ſails between 
the North and Exit 80 Niles, and is then come into 
Lat. 56 Deg. 10 Mn. North; her Courſe, Departure, 
and Difference of Longitude is required. | 

See the ſame Queſtion {only inverted, what is re- 
quired there being given here) ia Mercator Sailing, 
Caſe the fifth. | 


For the Courſe. 


As Diſtance — — 556 — 1.0; 449 
To Radius 004 oom. fo. ooo ο-ο 
So Diff. of Lat. — — 70 1.84509 
To Sine Comp. of Courſe S. C. 35 31 mmm 0.01000 


Yor the De parture. 


d m 
As Radius — — 2 00 1c. ooo 
To the Diſtance ——— — — 86— 193440 
So Sine of the Courſe ——— 35 31 ——- 9.70413 
To Departure kwỹ — , — 1.69802 


Hr tbe 8 of Longitude. 

4m Co. Ar. 
As Sine Comp. of Mid. Lat.— 55 35 — 0.24779 
To Tang. of the Courſe—35 31 —.— 9.85086 
So Diff. of Lat.. — 7 O — I. 8450 
To Diff. of Longitud e. 88 194374 


Or, 


Ip. 2. 


00489 
90900 
47712 


21222 


at 


* 
% find 
e. 
*frween 
into 
ture, 


15 1e 
2. ti H a 3 


gect. 6. Trizonometrical. 71 


Or, 1 
As Sine Comp. of Mid. Lat. — 55 35 — 9.78220 
To Radius —— YO o 1 0.00000 
So Departure — 50 1.60897 


To Diff. of Longitude 88 —— 1.94077 


CAS E IV. Both Latitudes an Departure given, to 


find Courſe, Difzuce, an Difference of Longith: le. 


A Ship in Latitude 55 Deg. oo Min. North, ſails be- 
tween the North and Eaft into Latitude 56 Deg. ro Min. 
North, her Departure 50 Min. the Courſe, Diſtance, 
and Difference of Longitude is required, 


See the ſame Queſtion in Mercator's Sailing, Caſe the 
fifth, 


For the Courſe by Caſe the fixth of Plain Sailing. 


As Diff. of Latitude — — 70 1.84509 
To Radius — 00A com 1 0.00000 
So Departure — U 50 —— 1.60897 
To Tang. of Courſe— 35 3: —— 9.85388 
For the Diffance, 
# 
As Sine of the Courſe - 35 38 9.76430 
To Departure — 50 1.60897 
So Radius — 90 OO — 10.00000 
To the Diſtance — —— 86 ai 1.93407 


For Difference of Longitude. 
4-8 
As Sine Comp. of Mid. Tat.-;: 35 —— 9.75220 
To Radius _ — 90 00 10. 000090 
So Departure 


To Difference of Longitude  -- 1.0477 


} 


F 4 CASE 


CO —— 02897 


12 


7 


CASE V. Both Latitudes and Difference of Longitude 
given, to fins Courſe, Diftince an Departure. 


Middle Latitude Sailing Chap. 2. 3 


demand the Courſe, Diſtance and Meridian Diſtance | 
between two Places, one in Latitude '56 Deg. 15 Min. 
North, tne other in Latitude 58 Deg. 35 Min. North, 
their Ditterence of Longitude 2 Deg. 30 Min. 

See Mercator, Cale the fixth. 


For th2 Courſe. 


As Diff. of Latitude — 120 Co. Ar. 7.85 38) 
To Dit. of Longitude 150 2.17609 
So Sine Comp. of Mid. Lat. —— 57d 25 0.73 120 5 
To Tang. of the Courſe — 29 59.— 0.700 
For the Diſtance. . 
| " b 
As Sine Comp. of Courſe 60 OI — 9.0370 0 
To Diff. of Latitude ĩð 1!ÿéö§„½⅔ꝗr 140 2.14612 
So Radius — 00 oo ro. ooo 
To the Diſtance — I 02 — 2.2085: 
For the Departure. * 
4 m 4 


As Sine Comp. of Courſe S. C. — 29 59 Co. Ar. 0.96239 
To. Diff. of Latitude — — 140 2.14612 
So Sine of the Courſe, Sine — 29 59 0.60875 | 
To Departure —8 1 — 1.00720 | 


| 
Theſe Five are the moſt neceſſary and uſeful Caſes + 
in Mid-'le Latitude, and indeed all that are of Uſe in 
keeping a Reckoning; yet there are ſeveral other Caſes, 
which I ſhall inſert for Variety; but becauſe they are 
not ſo neceſſary in Practice, I ſhall only ſet down the 
Deta and Quæſita, with the Canons or Proportions for 
finding what is required, and ſhall leave the Opera- 


i tions for the Reader's Practice. 
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CASE VI. One Latitule, Courſe and Departure gicen. 
to fu the other Latitude, Diftance anl Difference of 
Longitude. 


A Ship in Latitude 55 Deg. oo Min. North, ſails North 
25 Deg. 32 Min. Eaſterly, till her Departure be 30 I 
demand as above. 


For Difference of Latitude. 


As Sine Courſe to Departure, ſo Sine Comp. of Courſe 
to Diff. of Latitude. | 
The Difference of Latitude thus found, the Latitude 
come to is eaſily found, as in Mercator, Caſe the firſt $ 
and both Latitudes being found, the Middle Latitude 
is found, as in Middle Latitude Sailing, Caſe the firſt. 

Then, 


For the Diftence. 


As Sine of the Courſe to Departure, ſo Radius to the 
Diſtance. 


For Difference of Longitude. 


As Sine Comp. of Mid. Lat. to Radius, ſo Departure 
to Diff. of Longit. 


CASE VII. One Latitude, Diftance, an Departure 
given, to find the other Latitude, Courſe, and Difference 
of Longitude. 


For tbe Courſe, 


As Diſtance to Radius, ſo Departure to Sine of the 
Ceurſe. f 


For 
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For Diffcrence of Latitude. 


As Radius to the D.{tance, ſo Sine Comp. of the Courſe | 


to the Diff. of Latitude. 
For the D:fforcnce of Longitude. 


As Sine Comp. of Middle Latitude to Radius, ſo De 


parture to Difference ot Longitude. | 


CASE VIII. Cour/c, Departure, and Diff-ronce of Lan 


gitule given, to find both Latitules and Diftance. 
For the Diſtance. 


As Sine of the Courſe to Departure, ſo Radius to th; 
Diſtance. | 


For the Difference of Latitude. 


As Sine of the Courſe to Departure, ſo Sine Comp. 0: 
cke Courſe to Difference of Latitude. 


For the Middle Latitude. 


As Difference of Longitude to Departure, ſa Radiu 
to Sine Comp. of Middle Latitude. | 

The Middle Latitude and Difference of Latitude thu 
found, both Latitades are eaſily found; for adding hal! 
the Difference of Latitude to the Middle Latitude, th 
Sum is the greater Latitude, and ſubtracting the fail 
Half from the Middle Latitude, the Remainder is i: 
leſſer Latitude. 
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CASE IX. Midi Latitude, Cturſe and Niflance 
given, to fi u both Latitudes, Departure, and Difecrence 
of Lengitude. 


Fur Difference of Latituſe, an! conſequently bith Latiuudcs. 
As Radius to the Diſtance, ſo Sine Comp. of Courſe to 


Diff. of Latitude. | 
Then find both Latitudes, as in Caſe the eighth. 


Then for Departure by Caſe the fit of Plain Sailing, 


As Radius to the Dittance, io Sine of the Conric t 
Departurs, 


Fer the Difference Longitu . 


As Sine Comp. of Middle Latitude to Sine of rhe 
Courſe, ſo is the Diſtance to the Difference of Lon- 


CASE X. Conrſe, Diftance, and Difteren's e Lenge 
tudg given, to find both Latitudes ani Deporturc. 


For Mille Latitude. 


As Difference of Longitude to the Diſtance, ſe is Sn 
of the Courſe to Sine Comp. of Middle Latitude. 


For the Difference of Latitude. 
As Radius to the Diſtance, ſo Sine Comp. of Courſe to 
Diff. of Latitude. 
Then find both Latitudes as in Caſe the ci-kth. 
For the Departure. 


As Radius to the Diſtance, ſs Sine oi the Covrſe ro 
Departure. | | 
| CASE. 
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CASE XI. Crur/! , Difference of Latitule, and Dif. 
rence of Lon”: rude given, to find both Latitudes, Diſtau 


ani Departure. 


For the Middle Latitude. 


As Difference of Longitude to Difference of Latitus: ; 
ſo is Tangent of the Courſe to Sine Comp. of Mida: 
Latitude. 

By Difference of Latitude and Middle Latitude f 
both Latitudes, as in Cale the eighth. 


For the Difance. 


As Sine Comp. of the Courſe to Difference of Latitude, 
ic is Radius to the Diſtance. | 


| , 


Por the Departure. 


As BY Comp. of the Courſe to the Difference of Ll 
tirade, So Sine of the Courſe to the Departure. 


CASE XII. Middle Latitade, Courſe an! Different 
of Longitude given, to find both Latitudes, Ogre 
and Departure. 


As Tangent of the Courſe to Sine Comp. of Midde 


Latitude, ſo Difference of Longitude to Difference « „ 


Latitude. | 


Then find Diſtance and Departure, as in Caſe th 


eleventh. 


CASE XIII. One Latitude, Departure, and Different| 


of Longitude given, to fin1 the other Latitude, Courſ 


end Diftance. 


As Difference of Longitude to Departue, ſo Radin 


0 Sine Camp. of Middle Latitude. 


Subtrid 


| Sect. 1. Trigonometrical. 77 


hap. © SubtraQt the given Latitude and Middle Latitude the 
1 * jeſs from the greater, the Remainder doubled is the 
© Difference of Latitude. 


Then for the Courſe. 


72nd Dif. 
| Dit ana F 


As Difference of Latitude to Radius, ſo Departure to 
Tangent of the Courſe. 


Latituct Then for the Diſtance. 
f Midd: 
As Sine of the Courſe to Departure, ſo Radius to the 
tude ft Diſtance. 


Latitude, 


| CHAP. III. 
© of I Navigation by Inſpection. 


Different | 
Diftan, — 0 — 


rence “ 
| How to work all the Cafes in Plain Sailing, aud to werk a 
Caſe tt) Traverſe; and alſo to keep a Reckoning beth in Long i- 


tude and Latitude, only by Inſpection in the Table of Ii 
ference of Latitude and Departure. | 


Di eren: I 
„ Courſoþk IN all Cafes of Plain Sailing, there are always four 
, Terms, viz. Courſe, Diſtance, Difference of Latitude, 


and Departure, two of which are always given to find 
the other two; and in the Traverſe Table, the Courſe 
1 to be found in the Degrees, Points, or Quarter Points, 
at 


Radiu 


Subtris 


: 
i 
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at the Top or Bottom ofear.h Leaf. The Diſtance is found i; 
the firſt and laſt Column of each Page, and the Difference 


of Latitude and Departure are found in the reſt of the $ 


Columns in the Body of each Leaf Side; ana which tuo 
of the Terms ſocver you have given, they being found 
in their proper Places, the two required Terms my! 
alfo be found in the correſponding Columns: 1 ſhall in. 
ſtance in Examples of all the fix Caſes of Plain Sailing, 


CASE I. Courſe an Diff ance given, to find Di brett: 
of Latitude and Departure. 


A Ship fails S. 25 Deg. E. 06 Miles; I demand her | 
DiFerence of Latitude and Departure. 

In this Table, the lett Hand Page in the Columns «© | 
Diſtance proceeds from 1 to 50, and the right hand Page 
from zo to 169, and the given Diſtance here being abort 
80, Sig. 05, look along the Top of the right hand Page; 
till you find 25 Deg. and right under it, and againſt 9“, 
the Diſtance you find 871 om for the Difference of II. 
titude, and 404 Gm for the Departure, as the Title x: 
the Top directs. | 

But ſuppoſe your Courſe had been South 65 Degree 
Eaſt, you find 66 Degrees at the Bottom of the ſam: 
Column where you find 25 at the Top, and againſt 96, 
the Diſtance, you find Difference of Latitude, and De. 
parture the ſame, ig. 87: o, and 40: 6, only with thy 
Alteration, that now 87: © is the Departure, and 40: 
G is the Difference of Latitude; whereas before it w:: 
contrary: But to avoid Miſtakes herein, obſerve when 
you find the Degree of the Courſe, whether at the T 
or Bottom of the Table, there find alſo the Title of tit 
Columns of Difference of Latitude and Departure: 
Thus, in the firſt Example of 25 Degrees, you find the 
Degree at the Top, and therefore the Title alſo at the 
Top ſhews, that the firſt of the two Columns is Dit. | 
rence of Latitude, and the ſecond the Departure; but: 
in the ſecond Example of 65 Degrees, you find the De. 
gree at the Bottom, and therefore the Title being alſß 
found at the Bottom, ſhews that the firit Column is the 
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67. 
But ſuppoſe my Diſtance be above 300 Miles, as in 


the firſt Example of Plain Sailing in the Book, which is 
A Ship fails N. W. by N. 123 Miles; 1 demand her 
Difference of Latitude and Departure, | 

Here, becaule the T able reaches but to 100, you mult 
take it out twice ; thus the Courſe being N. W. by N. 
3 Points, 1 look for 3 Points, which J find at the Top 
of the Leaf, and under it againſt 100, I find, 


Diff. Lat. Dep. 

89-27 8 

Then againſt 23 I find under 3 Points 19 : 1 12 2 
\ 102: 2 68 2 & 


Theſe Sums added ſeverally, give 102: 2 for the Diffe- 
rence of Latitude, and 68: 4 for the Departure. 

But ſuppoſe your Diſtance were ſo great a Number, 
that it would require to be taken out at a great many 
Times, as in the Queſtion in Caſe I. of Mercator's Sailing 
Trigonomeirica!, A Ship ſails 987 Miles N. W. by N. Se. 
you may alſo take this out at twice; for having found 
3 Points, you may take out firſt for 980, and then for 7 
thus; look under three Points, till you come down 
againſt the Diſtance 98, and againſt it you have 81 : 5, 
for Difference of Latitude, and 54 : 4, tor the Depar- 
ture ; but becauſe the 98 is advanced a Figure or Place 
towards the Lett Hand, and called 980, therefore ad- 
vance the other alſo a Place to the Lett Hand, then wil! 
the Diff. of Latitude, $1 : 5, be- 
come 815, and the Departure 54: 


Diff. Lat. Dep. 


$15 544 4, will be 544: then finding ali0 
3 2 3 : 9 for the 7, becauſe the whole Di- 
ES ſtance is 987, the Work will ſtand 


as in the Margin, and the Difference 
of Latitude is 820 


dure, 547: 9. 
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Another Method very proper when your given Di. 


ſtance exceeds what is found in the Table, is to take 4,51 C4 
J, or 3, Sc. of your given Diſtance, and find the Diff.! 

of Lat. and Departure belonging to that, which being 
doubled if you took half, or tripled if you took one L 
Third, or multiplied by 4, if you took one fourth, Sc.] I d 
of the given Diſtance; the Numbers ſo found ſhall be | I 
the Difterence of Latitude and Departure requir'd. lum 
tor 

Example. 

By Ec: 

A Ship fails S. S. W. 120; I demand Diff. Latitude | 

and Departure. | 
Here, becauſe the Table goes not ſo far as 120, I take / 
the Halt of it, viz. 60, and againſt it, under two Points ren 
(becauſe S. S. W. is two Points from the Meridian) I par 
find 55, : 4, for Difference of Latitude, and 23 : o, for 1 
the Departure; which two Numbers being doubled, the 
becauſe I took but half the Diſtance) gives 110: 8, one 
or the Difference of Latitude, and 46: o, for the obſt 
Departure, Sc. Top 
: Con 
CASE II. Courſe and Difference of Latitude given, i ag 
find Diftance and Departure. _ 

or 


A Ship ſails North 38 deg. Weſterly till her Difference 
of Latitude be 120 Miles; I demand her Diftance and | CA 


Departure. 
Becauſe 120 is not to be found in the Table, I take 
half of it, vig. 60, and finding 38 deg. at the Top, 1 4 


look under it till I find 60 under [ Lat.] for Difference er 
of Latitude, and right againſt it, in the Column of Di- © 
Nance, I find 76, which doubled is 152, the Diſtance re- 4 
uir'd, and againſt it, under [Dep.] I find 46: 8, which "©" 
oubled is 93: G, the Departure required. 


we CEE SD 


* 
— — 2 


9 fed — — _ — 


* 

” * — 
- _ I - ES 1. 
* = 24 


n ; 
_— - = 
* 
5 - - — * 
52 - — 4 — % £ = —_y 20 * 
— r a pu "To 
— 1 — ® „„ wy Ts 
— 3 8 —— — - 
— 2 — 1 — 
— 
— 


3 ; 
«@ * - at $5 
A 


CASE 


* 2 
_— 


ap.3. 


1 Di- 
ake 4, 
Diff. 
being 
& one 


5 e. | 


all be 


titude 


J take 
Points 
an) I 
o, for 


- = — — — — — 


ubled, 


0-2 


. Oy 
r the 


ven, . 


erence 


ce and 


J take 

op, 1 
ſerence 
of Di- 


0 


nce re- 


which 


ASE 


81 


Sect. 1. Plain Sailing by Inſpection. 


4 CASE III. Courſe and Departure given, to find the 


Diftance and Difference of Latitude. 


A Ship fails S. W. by S. till her Departure be 40 Miles; 
1 demand Diſtance and Difference of Latitude. 

Find the Points at the Top, and under it, in the Co- 
lumn of Departure, find 40, againſt which you find 72 
tor the Diſtance, and 39: 8, for the Departure. 


CASE IV. Diftance and Difference of Latitude given, 
| to find Courſe and Departure. 


A Ship ſails 7s Miles in the S. W. Quarter, her Diffe- 
rence of Latitude 59 Miles, I demand Courſe and De- 
parture. 

Look for 51 in the Column of Diſtance, and run over 
the ſeveral Columns of your Table, till you find 59 in 
one of the other Columns againſt it, which being tound, 
obſerve where you find the Title [Lat.] whether at the 
Top or Bottom of the Table; for there you find alſo the 
Courſe, as in this Example. I run over the Tale, till 
againſt 71, J find 59 : o, and the Title [Lat.] being at 
the Top, I find alſo the Courſe at the Top, vig. 3 Points, 
or 8. W. by S. and Departure 39 : 4. 


CASE V. Diftance ani Departure given, to find Courſe 
and Difference of Latitude. 


A Ship ſails between the South and Eaſt roo Miles, her 
Deporture 53 Miles; I demand the Courſe and Diffe- 
rence of Latitude. 

Loo for roa in the Column of Diſtance, and againſt 


| it run over your Tale till you find 53 ior the Departure, 


and over it you find 32 Degrees ior the Court, and 
34: 8, for the Difference of Latitude required. 


CASE 
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CASE VI. Difference of Latitule and Departure given, 
to find Courſe and Diff ance. | 


w 


A Ship ſails between the N. and E. till her Diff. of La. | 
titude he 56: ©, and her Departure 35 : 0; I demand 
the Courſe and Diſtance, 
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| 157 Look through the Columns of Diff. of Lat. and Depar. 2 
9 ture, till you find 56 : o, againſt 36: o, and over that 
25 you find 3: Degrees for the Courſe, and 66 Miles for : 
Ws. | the Diſtance, Sc. | 
1 1 Nute, You cannot always find exactly the Number N 
1 given, but find the neareft you can, which will gzneralhy | 
be of ſufficient Exactneſs tor common Uſe. d 
SE CT. IL 
How to work @ Traverſe by the Tables of Difference of Lt — 
titude and Departure. 1 
Der 
HIS is the principal Thing for which theſe Table Colt 
are of Uſe, and this Way of working a. Traverſe ! Diff 
equal to the beſt for Exactneſs, and much more expel. Coly 
tious; and therefore I have of Purpoſe omitted Traverk Diff 
Sailing in the Geometrical Part hereof, as being too te A 
dious for Practice at Sea. DOG | ark 
1 I ſhall inſtance in Queſtion the firſt of Traverſe Sailim =! 
| 18 Geometrical, and ſhall ſolve the ſame here by the Table. 805 ; 
A Ship fails S. 5. E. 30 Miles, then N. E. by N. « * 
Miles, then E. by N. 25 Miles, then N. N. E. 44; I Þ tr 
mand the Courſe, Diſtance, Difference of Latitude ani} hea 
Departure, from the Elace ſall'd from. Dena 
Caſe 


Firſt, Make a little Table with 6 Columns, as 30 
Th 


ſee in the following Page. 
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The firſt is the Courſe. 
The ſecond the Diſtance. 
The third the Northing. 
The fourth the Southing. 
The fifth the Eafting. 
The fixth the Weſting. 


{ Courſe. Dif. | North. | South. Eaft. | He. 


8. S. E. 30 27 27 l: 5 R 
N.E. byN. 40 33 > 3 5 + © 5 
| E. by N. 2 5 4 — 0 - — 24 - 5 ——— 

a 
N. N. E.] 44 40: 64614168 ——— 


| | -8:8 272 7 75 : © = 
| 7 


Then, by Caſe I. find the Difference of Latitude and 
Departure to every Courſe, and ſet them in their proper 
Columns; as where the Courſe is Northerly, ſet the 
Difference of Latitude under Northing, or in the North 
Column ; and where the Courſe is Southerly, ſet the 
Difference of Latitude in the South Column. 

Again, when the Courſe is Eaſterly, ſet the Depar- 
ture in the Eaſt Column, and when the Courſe is Weſt- 
erly, ſet the Departure in the Weſt Column; then add- 
ing up each Column by it elf, ſubtract the North and 
South Columns, the leſſer from the grèater, the Re- 
mainder is the Northing or Southing made good. Alfo 
ſubtract the Eaſt and Weſt Columns, the leer from 


-* the bigger, the Remainder is the Eaſting or Wetting 
made good; then have you Difference of Latitude and 
Departure given, to find the Courſe and Diſtance, by 
Caſe VI. 
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B4 
In this E:-ample, the firſt Courſe is S. S. E. 30 Miles; 


or two Points 30 Niles; for which, by Caſe I. I find tbe] 
Now the Courſe bein; 
between South and Eait, I place my Difference of La. 


Diſterence of Latitude 27: 7. 


titude in the South Column, and my Departure 11: f, 
in the haſt Column, leaving the North and Weſt Co. 
lumns blank. 

Then for the ſecond Courſe, N. E. by N. or 3 Point, 


40 Niles, here my Difference of Latitude, 33 : 3, is to 
b= placed in the North Column, and the Departure 22 : 2, 


in the Eaſt Column, becauſe the Courſe is between the 
North and Eaſt. | 

Then the third Courſe being E. by N. or 7 Points, 2; 
Miles, I place my Difference of Latitude, 4 : 9, in the 
North Column, and Departure, 24 : 5, in the Eat 
Column. 


And fo for the fourth Courſe, N. N. E. or 2 Points 


44 Miles, I place my Difference of Latitude, 4o : 6, in 
the North Column, and my Departure, 16 : 8, in the 
Fait Column, and then adding up each Column, the 


Sum of the Northinz Column is 78: 8, and the Sum oi 


the Southing Column is 27: 7, which ſubtracted from the 
Northinz 78: 8, the Remainder, 51 : 1, is the Difference 
of Latitude made good, which is Northing, becauſe the 
Northing was the greater Number. 

Again, the Sum of the Eaſting Column is 75 : o, which 
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(becauſe there is no Weſting to ſubtract from it) is the 
Eaſting made good. Thus you have the Northing, 51 : 1, 


and the Eaſting, 75: ©, given, 


to find Courſe and 


Diſtance, by Ca/e VI. and although you cannot find in 


the Table the exact Numbers of 51 ; 


and 50 : 09, over which, at the top, you find 34 Degrees 
for the Courſe, which is N. E by N. od 15m Eaſter), 
and the Diſtance 91 Miles. 

But if you have a Place propos'd that you are bound 


for, whoſe Courſe and Diſtance from the Place fails © 


from is given, find thereby the Difference of Latitude 


and Departure to the Place bound for, from which ſub - 


tract the Difference of Latitude and Departure, mad: 
Zood, (if it be the leler Number, or the other from n 


I, and 75 : © t.. 
gether, yet find the neareſt you can, which is 75 : % 
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;jf one of them be the greater Number) the Remaind. r 
is the Difference of Latitude and Departure from the Shin 
to the Place bound for, by which you may find the Couric 
and Diſtance by Caſe VI. 

Example. In the firſt Queſtion in Tra-o-/e Seiling G 
metrical, there is a Place propoſed to be find to, diſtant 

120 Miles N. E. E. the Difference of i atitude for that 
Courſe and Diſtance is found by C IJ. co be 76 : 2, 
and the Departure, 92 : 8. Now the Difference of La- 
titide made good by the Ship being but 51 : r, if ſub- 


tracted ſrom the whole Difference of Latitude to the 


Place bound for, 76 : 2, it is evident that the Remain- 
der, 28 : 1, muſt be the Difference of Latitude from 
the Ship to the Place bound tor. Alfa the Departure 
made good by the Ship, 75 : o, ſubtracted from the 
whole Departure, 92 : 8, the Remainder, 17 : 8, is the 
Departure from 'the Ship to the Port bound for. And 
thus you have the Difference of Latitude, 25 : 1, and 
a Departure, 17 : 8, to find the Courſe and Diſtance 
by Caſe VI. and the neareit to theſe two Numbers that 
can be found is 23: 4, and 17 : 8, over which you 
have 35 deg. for the Courſe, and againſt it, 31 Miles 
for the Dikance, viz. N. E. by N. 14. 15m. Faſterly, 31 
Miles is the Courſe and Diſtance to the Place bound 
for, Oe. 


But ſuppoſe the Difference of Latitude made good by 


the Ship were more than the Diffe rence of Latitude to 


the Port bound for, you muſt ſubtract the leſſer from the 
greater, and the Remainder is the Difference ol 1.ati- 
tude from the Ship to the * but of a contrary De. 
nomination, which ſeems to be ſo plain, chat it needs 
no Example ; for if a Man intends to trave! to a Place 
that hears due N. from him 12 Miles; if a Man F 
15 Miles due North, his Courie from thence to the 15 
bound for is South 3 Miles; even fo if a Ship jaten! 
for the Port aforeſaid, whoſe Diflerence or Latitude is 
70 : 2 North, and Departure 92: 8 Eaſt. ſhould ail 
between the North and Eaſt, till her Ditference of La- 
titude he roo North, and Departure 75 : o Eaſt, tis 
plain ſhe is to the Northward of her Port; becauic the 
has got more Difference of Lotitude Northerly ; an ing 
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86 Longitude by Inſpection. 
is alſo to the Weſtward of her Port, becauſe ſhe hat, 


not got ſo much Departure Eaſterly; and therefore | 
tracting the leſſer Difference of Latitude from the bis ve: | 
the Remainder, 23 : 8, is the Difference of Latitud 


Southerly from the Ship to the Port bound for; and g. 
Departure, 75: o, ſubtracted from the whole Departur. 
O2 : 8, the Remainder, 17 : 8, is the Departy: 
Faſterly from the Ship to the Port bound for, and! 
this Cate the Courſe and Piſtance would be found „ 
Caſe VI. to be S. E. by S. 3 S. 29 : 5 Miles. | 


er. . 


How to find the Difference of Longitude by the Tabl: i 
Difference of Latitude and Departure. 
„ 


pv; one Latitude, Courſe and Diſtance, give: 
or both Latitudes and Courſe, Sc. you may fi 
the reſt according to Plain Sailine, by the foregoing Rule, 
which beir.g done, find the middle Latitude, (always c. 
ſerving that Caution, to take a Latitude rather too hi: 
than too little, where the middle Latitude cannot exactly 
had without a Fraction) then the Rule is : 

Find the Complement of Middle Latitude amongſt ti 
Degrees at the Top or Bottom of the Table, and und: 
it, (if you find it at the Top, or above it if you find! 
at the Bottom) in the Column of Departure, find you! 


Departure, and right againſt :t, in the Column of Diſtanc; 


is the Difference of Longitude. 

And altho' this Method is not fo practicable in gre: 
Numbers, yet it is very uſeful at Sea, for working a Day! 
Run, or the like, which ſeldom exceeds 50 or 60 League 
and therefore I ſhall recommend it to the Learner, 2 
the moſt expeditious Method, and of ſufficient Exact 
neſs for ſhort Diſtances; here being Methods ſufficie!! 
laid down in this Treatiſe for more exactly __—_— 
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the Reckoning once or twice in a Week, of which more 
when we come to that Part. 

Note, If you think it too much Trouble to ſul:trat the 
middle Latitude from go, to find its Complement ; you 
may find the middle Latitule amongſt the Degrees, as 
beſore: and find the Departure in the Column of Diffe- 
rence of Latitude, and againſt it, in the Column of Di- 
ftance, you have the Difference of Longitude as before. 

I ſhall give an Example or two, and refer the Reader 
for further Practice of this Method, to the Examples 
jaid down for keeping a Reckoning in the latter part ot 
this Book, where I ſhall illutſtrate this Method by Ev. 
ample, and ſhew its general Agreement with the Lon. 
,itude, as found by Mercator's Sailing. 


Example 1. A Ship in Latitude 35: © North, fails j+ 
the North-Eaſt Quarter, into Latitude $0 : , her Ie. 
parture 50; I demand Courſe, Diſtancs, 2nd Vitterewe 
ot Longitnde, | 

Sce the Queſtion in Ca/e IV. of Middle Latitude ſailingz 
Trigonometrical. 

Difference of Latitude 70, Departure 55, the Courſe 
will be found by Ca/e VI. hereof to be 30 Uezrees nearett, 
omitting the Minutes, and the Dittance 80. 

The Middle Latitude is 55 : 35, but becauſt we have 
only whole Degrees, we muit uſe either 5; Degrees, or 
56; and becauſe, as I ſaid before, tis bcit to take 2 
Degree too great rather than too little, we ſhall call it 
50, whoſe Complement 34 found in tne Devrces, look 
under it for the Departure 30, the nrareſt Number to 
which is 49 : 8, againſt which in the Colin of 14- 
ſtance, I find 89 for the Difference of Longitude re- 
quired. | 


Example 2, in Caſe V. of Middle Laticude 8 = 
Trigonometrical. 

i demand the Covrſe, Diftance, and Difference g! 
Longitude between two Placgs, one in Lativuie 55 : 15 
North, the other in Latitude 38 35 North, (heir 1s 
ridian Diſtance 81. 
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Difference of Latitude 140, Departure 81, the Courſe 
is foand by Caſe VI. to be an Angle of 30 Degrees from 
the Meridian, and the Diſtance 162, as you may ſce by 
the Traverſe Table. 

Then for Difference of Longitude, the Middle Lati. 
tude is 57 : 25, but we muſt call it in this Caſe 58, 
which found in the Degrees, there is not ſuch a Number: 


as 87 in the Column of Latitude, therefore find its half 
40: 5, or the neareſt to it, which is 40: 3, and againſt 


it, in the Column of Diſtance, you find 76, which doubled 
is 152, the Difference of Longitude required. 

Note, Although in particular Queſtions the Longitude 
found this Way difters ſometimes a Minute or two from 
that found by Calculation ; becauſe we are obliged to uſe 
whole Degrees in Table tor Middle Latitude; yet the 
Error being ſometimes a Minute or two too much, and 
ſometimes as much too little, the Difference is not dif 
cernible in a long Reckoning. 


- CHAP. 


HWA, Td cc SG rAPBILENNDOI2DDO ougy © ww wat 


AP. 2, 
Courſe 
es from 
ice by 


2 Lati. 
aſe 58, 


Jumbe- 


its half | 
againſt 


doubled 


ng itude 
o from 
1 to uſe 
yet the 
ch, and 
not dil. 


HAF. 


2 — 


f 89 J 
CHAF. IV; 


— — 


Arithmetical Navigatioun. 


. 


Plain Satling Arithietical. 


Aving thus finiſhed all the Kinds and Cas of Na. 

vigation in the foregoing Book, according to the 
Method commonly taught and practiſed both at Sea and 
a-ſhore, viz, by 2 Canon of Lopgarithmical Sines, Tan- 
gents and Secants, (together with the Help of the Loga— 
rithms of Natural Numbers) my next Work is (accord- 
ing to my Promiſe) to ſhew, how all the aforeſai Kinds 
of Navigation may be compleatly performed without 
any Canon, only by the Help of ſome given Numbers, 
which ſhall be inſerted in their proper Places, whit 
are of Uſe where the Courſe is either given or required: 
And firſt in order I ſhall begin with Pain Falling, in 
which the three firit Cafes are wrought only by the 
Table of given Numbers, as alſo are thoſe Oucſtions in 
the three lait Caſes where the Courfe is required: But 
the Solution of all Queſtions in P/a77 Sailing, When two 
Sides are given to find a third (as Diſtance and Difference 
of Latitude given to find Departure, Sc.) are grounded 
upon that known Propoſition in Eci, Leb. r. / FO. 47. 
21g. That the Square of the Hypotcnuſg (called there the 
Baſe, becauſe it is the longeſt Side) of a rivht:ancled 
Triangle, is equal to the Squares of both Lens added 
together Hence then (the Hy potente repre/encing the 
Niftance, and the two Legs the PDitcrence of Latitude 


and 


99 Plain Sailing Arithmetical 
and Departure) if you ſquare each Leg (that is, multiply 
each Leg by its felt) thele two Sums added together ſha! 
Le equal to the Square of the Hypotenuſe; and conſe. 
guently, if from the Square of the Hypotenuſe yon 
ſubtract the ſquare of one Leg, the Remainder is the 
Square of the other Leg, as may be proved by thoſe 
three known Numbers, 3, 4, and 5, which three Nun. 
bers make a right-angled Triangle; the two Legs being 


3 and 4, and the Hypotenvie 5: Now if you ſquare the | 
two Legs, 3 times 3 is , and 4 times 4 1s 10, which tuo 
Squares 16 and 9 added together, the Sum is 25, the 


Square of 5, the Hypotenuſe. Again, if from 25, the 
Square of the Hypotenuſe, you ſubtract 16, the Square 
of one Leg, there remains , the ſquare of the other Lez, 


d.; 


Chap. 4 N 


| 
| 


| 


Sc. And when the Square of any Side is thus found, 


the ſquare Root thereof (found as is ſhewn in the firſt 


Part hereof ) is the Side required, 
Alſo with reſpect to the given Numbers, if Courſe and 


Diſtance be given, multiply the Diſtance by the given 


Numbers, as the Title of the Table directs for Latitude 
and Departure, (hoſe Uſe follows in ſeveral Examples) 


the Sum, abating as many Figures to the right Hand as 


you multinly by, is the Difference of Latitude or Depar. 
ture required: Now if the Hypotenuſe multiplied by 


the given Number produce a Leg, only two Figures to | 


be cut off, the ſaid Leg being given, and two Figure 
(or Cyphers) added to it, and divided by the ſaid given 
Number, the Quotient muſt needs be the Hypotenuſe; 
and if ſo, then if the ſail Leg with two or more Figures 
(or Cyphers) added to it be divided by the Hypotenuſe, 


the Quotient muſt needs be the given Number, as | 
apparently evident to almoſt every body that have but 
learned the firſt Rudiments of Arithmetick, and under. 


ftind (What every School-boy is taught) how Multiplica- 
tion and Diviſion will undo and prove each other; and 
hence any two Parts of a Queſtion of Plain Sailing being 
given, the reſt may be found by the Square-root, and 
one Table of given Numbers, all the Caſes except the 
fxth being wrought immediately by the given Numbers; 
and even in the ſixth Caſe, where the two Legs are gi- 
ven, the Hypotenuſe or Diſtance may be found by the 
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ſquare Root, and then the Courſe, as in the other Caſes ; 
as I ſhall explain by the tollowing Example. 
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Latitude Points 


\ 


Points Mepart. 


The uſe of this 
Table is for working 
the ſix Caſes of Pia 
Sailing, in which ob- 
ſerve, that in the 
firſt and laſt Columns 
you have the Rumbs 


or Points of the 
Compaſs, with the 
half Points, and 


quarter Po:nts,num- 
ber'd from the Me- 
rid. or North and 
South T.ine, either 
Rk or Welt,accord- 
ind as they ſtand in 
order; thus S. S. W. 
is two Points, be- 
cauſe South is upon 
the Meridian, then 
S. by W. is one 
Point, and S. S. W. 
two Points, Sc. 8 
likewiſe N. N. FE. 
and N. N. W. is two 
Points from the 
North. Again, ſup— 
poſe a Ship ſails S. 
W. 8. that is, three 
Points and an half 
and N. N. E. E. is 
tWo Points and Aa 


uarter ; which being a Thing ſo commonly known, 1 
ſhall not need to add any more Examples. 

The Numer of Points thus found, obſerve on which 
Side of the Table it is found; for if you find the Cour S 
at the left Hand, then find the Denomination ot Lati- 
tude and Departure at the Top: But ui the Courte be 


on 


1 22 
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on the right Hand find the Denomination of Latitude F C 
and Departure at the Bottom; for the left hand Co- 
lumn contains all the Points under four Points, and 
the right hand Column contains all the reſt of the 
Points to 8. Now if the Courſe be found in the firſt F 0 
Column, (gig. Jeſs than four Points) then the ſecond 
Column is the given Number for Difference of Latitude, 
and the third Column is the given Numbers to find 
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1 Departure: But if the Courſe be in the laſt Column, 

7 4 (Sig. about four Points) then the third Column is the 

1 1 given Numbers to find Difference of Latitude, and the 4 

' : a3 ſecond is for the Departure, Se. And the Uſe of the 4 
able being thus known tor the firit Caſe, the reſt is a 


ealily found by Conſequence, as we have hinted before, 
and ſhall make it evident and intelligible to the meancit 
Capacity, by the tollowing Examples. 

Note, If you have a given Number, with a Cypher | 
on the left hand, (as in 7 + and 7 5 Points) although | 
a Cypher adds nothing to the Product (being on the 
left hand) yet it cauſeth a Figure more to be cut off 
for the Decimal Fraction; and having cut off as many 
Figures towards the right hand as you multiply by, the 
reit is the Latitude or Departure ſought, and thoſe cut 
off are a Numerator of a Decimal Fraction to a Deno- 
minator conſiſting of as many Cyphers as you cut off 
Figures, with a t at the left hand; ſo if you cut off | 
07, it is. 5 or if you cur off 242, it 16 i143, and fa | 
of the reſt. | 

Note, When you have found the given Number in 
the Table, you need not always uſe all the 4 Figures, 
eſpecially, if the third or fourth be a ſmall Digit, as , + 
or 2, as ſuppoſe your given Number be 8375, here the .. 
third Figure being ar, you may cut off the two laſt 
Figures, and uſe only $3, to work with. Again, if the 
third Figure be one of the higheſt Digits, as 8 or g, you 
may cut off the two laſt, only add one to the ſecond Fi- 
zare, and fo work as before; as ſippoſe your Number 
be 2899, you may add 1 to the ſecond Figure, vis. 8, 
and then cut off the two laſt, and then your Number to 
work with will be 29; the Reaſon of all which is very 
evident to any that underſtand the Nature ot DR, 
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and will by a little Practice become eaſy to the meaneſt 
Capacity. 


Plain Sailing. 


CASE I. Courſe and Difance given, to find the Diffe- 
rence of Latitude and Departure. 


The Rule. 


Multiply the Diſtance by the given Numbers for the 
Courſe, and from the Product cut off as many Figures 
as you multiply by, and the reſt is Difference of Latitude 
and Departure required. 


Dneftion. A Ship fails N. W. by N. 123 Miles; I de- 
mand her Diff. of Latitude and Departure. 

The given Number for Diff. Latitude being 8315, we 
ſhall only uſe 83, and cut off the other two Figures (to- 
wards the right hand) and multiplying the Diſtance 123, 
by the given Number 83, and from the Product cut ost 
two Figures, (becauſe you, multiply by two Figures) 
you have Difference of Latitude; but for Departure the 
given Number is 5556, the third Figure being a 5, 
we ſhall for more Exactneſs uſe three Figures, ig. 555, 
and work as before: The Operation for Difference ot 
Latitude and Departure will ſtand thus: 


For Diff. of Latitude. For Departure. 


12 123 

83 | 555 

309 15 
984 015 
— O1 
102 Og —— 
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The Difference of Latitude is 102 +22, the Departure 
is 68 e; but you need not regard the Fractions, only 
if a Fraction be conſiderably above half of one Mile, or 
Minute, you may add 1 to the whole Number; as ſup- 
poſe your fraction be 78, g. ,, you may add I to the 
whole Number, and reject the Fraction, &c. 


Another Example in Caſe I. 


A Ship fails N. N. W. IW. 165 Miles; I demand the 
Difference of Latitude and Departure. 


N. N. W. W. is 2 Points. 


For Diff. of Let. For Depart. 
165 165 
88 47 
'& + | - 1155 
1320 660 
145 20 Diff. Lat. 1 43. 77155 


Dep. 77, or rather 78, becauſe the Fraction is 188. 


CASE II. Courſe and Difference of Latitude given, ta 
find Diftance aud Departure. 


The RULE. 


For the Diſtance, add as many. Cyphers to the Diffe- 
rence of Latitade as the Number of Figures you think 
to make uſe of in the given Number, and then divide it 


| by the given Number, and the Quotient is the Diſtance, 


which being tound, find the Departure as in Caſe I. 


©uecftion. A Ship fails S. W. by S. till her Diffe- 
rence of Latitude be 174; I demand the Diſtance and 

Departure. 
The 


$5 


0 
b 
( 
[ 


ap. 5. 
darture 
„only 
ile, or 
is ſup- 
to the 


nd the 


rt. 


1 


en, to 


Diffe. 
think 
ide it 
tance, 
I. 


Diffe- 


> and 


The 


Set. 1. Plain Sailing Arithmetical. 95 
The Courſe is 3 Points, the given Numbers 8315 and 
5556. 


Tor the Diftance. For Departire. 
83) 7400 209 Dif. 20 
800 555 
53 1045 
1043 
1045 


The Diſtance 209, and Departure 115, or rather 115, 
becauie the Fraction is ſo great, 2g. above r. 


CASE III. Courſe and Departure given, to find Di- 
flance and Difference of Latitude. 


The RULE. 


Add ſo many Cyphers to the Departure as you think 


to uſe Figures in the given Number; and then divide 


by the given Number anſwering to Departure, and the 
Quotient is the Diſtance, which being found, find tie 
Difference of Latitude, as in Caſe I. 


Qucſtion. A Ship ſails N. by F. 5 F. till her Depar- 
ture be 72; her Diſtance and Diflerence of Latitude is 
required. 


EY "ag . 


See Example the ſecond, in 72% III of In Kit. 
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Fer the Diftance. For Dift. Lat. 
337/7:000(213 214 | 
400 04 
1 230 —— 
$56 
219 1626 
— 3 
20116 


The Diſtance is 214, (being ſo large a Fraction) and 
the Ditierence of Latitude is 201. 


CASE IV. Dance and Difference of Latitude gives, 
19 fin the Courſe and Departure. 


The RULE. 

Square the Diſtance (that is, multiply it by it ſelf) © 
2:14 litewiſe the Difference of Latitude, and ſubtract he 
the leſſer Number from the greater, the ſquare Root Uo 
of the Remainder is the Departure required, and then - 
for the Courſe, add two or three Cyphers to the Di. 
ference of Latitude, and divide that Sum Ly the D. 
ſtance, the Quotient is the given Number for the Courſe, | _. 
which being found in the Table, you have againſt it tze 

. Courſe required. | | 

ite, If you cannot find exactly the ſame Numbers | 
(which ſeldom happens) find the neareſt to it, which is 
ſuffcient, and finds the Courſe to the neareſt Quarter 
Point. 1 

* J1 4 


Ducftion. A Ship ſails between the North and Eaſt 1oo 
Miles; and then finds by Obſervation, that ſhe hath | | 
rais'd the Pole 1 Degree, or Go Min. or Miles; I demand 
the Courſe and Departure. | | 
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4 
For the Courſe. For the Departure. 


162 /50000545 10 CO $4. of Diſt. 2 100 
50 113 60 84. of 'D. Lat. 3609 
600 

A [IC No . 
— 1100 3009 Diff. of Sq. 8509 
50 110 Py 
8509/92 
12100 ST 
182400 
394 
* —ů— 
35 : 


Ihe Quotient $45 ſouzht in the Table, the neareſt 
g: ven Number 1s 555, and againſt that, for the Courſe, 
you have five Points, which is N. E. by E. becauſe tie 
Courſe is between North and Faſt, and the Departure 
is 92, for you nee not rezar.l the Fraction in the 
Square Root, it being but a imatil Part of a Mile or Mi- 
nute in the Departure. 
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Fer the Courſe, Fer I. La 
— F ww 7 — — — 1 * — 
124, 050009{706 124 1 >|. 1 5 376 | 
82 124 OS Sn r. 0925 
750 le ˙ ˙ Lr 4 6580 
— 49 475 6 1 
10 248-355 637179 
12 45 
15376 140 1457 
311 
— — — 
110 


The Courſe is S. W.! W. neoret; for the neareſt vet 
Number to the Quotient 766 is 772, which is the Nun. 
ber for tour 4 Points, or S. W. W. and the Differe:iice of 
Latitude is 79, or rather 80, becauſe the Rematu er of 
the ſquare Root is ſo great: And here obſerve, tor 2 
reneral Rule, that becaute the laſt Remainder in the 

traction is a Numerator to twice the Root for 4 Ne. 
nominator ; therefore if the laſt Remainder be more 
than the Root, add one to the Root, and that will be 
the Noot exact enough in this Caſe; but if the Remain- 
der be leſs than the Root found, the Root is the ncaret 
whole Number that anſwers the Queſtion, and you net 
not regard the Fraction at all; Thus in the Example, 
Caſe IV. the Roct is 92, and the Remainder is but 30 
and therefore J keep 92 for the Departure, and rej | 
the Fraction. But in the Example Caſe V, the Ron 
is 70, and the Remainder is more than the Root, viz. 
110; and therefore I add one to 79, and the Sum 80 is tie 
Difference of Latitude required, and ſo in others. . 
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CASE VI. Difference of Latitude an Departure gi. 
den, to ſñ ad the Courſe an Diftance. 7 


The RULE. 


Square the Difference of Latitude, and alſo the Pe- 
parture, and add the two Squares together; the ſquare 
Root of the Sum is the Diſtance required; and then find 
the Courſe, as in Caſe IV, or Caſe V. 


Qucſtion. A Ship fails in the N. W. Quarter, till her 


Difference of Latitude be 220, and her Departure 188; 
demand the Courſe and Diſtance. 


For the Diflance: 


220 108 Square of Diff. Lat. 48459 
220 108 Square of Departure 11664 
344 864 Sum of the Squares 00064 
44 1080 . 
48400 11004 4 
44,200 
For the Conrſe. 176 
245 /220000/ 897 4852404 
2400 2425 
235 


The Courſe is 2 Points and a Carter 

2 W. the Diſtance 245 Miles. - Shs 
Althouzh the Op-ration in this Cre ferme © 910 
tedions of all the reſt, becauſe u hap 5h "_ 1 2 
Numbers tor the Date of the Zuelt On, v e © ta 
zreateſt Number, this Wer is Damn gre C:p-oitio: 
H 2 ; 


ico Nfercatæ, g Sailing Arithmetical. Cha 


than working Ly a Canon, as 2 little Practice will make 
manſcit. 


Sr e . II. 


Aercator's Sailing A il nei ical. 


\ HAT I hire writ of Plaus Failing is alſo of 

SE in AMorcatsr's Sailinn, ſo tar as Coarie, Di 
tince, U ſterence at at '!tude, and Departure, are Terms 
ther | ven ar vil; and the ſime Table ot ven 
Nuinb ers is of nt 1 Ui in both; and as for the Diffe. 
rente of Lon tide, it lers the ſame Pronort:on to the 
Departure, that the meridional Diſterence ot Latitude 
bears to the true Difference of Fatitade, by Euclide, Lib. 
6. Trg. 4. and indeed by the Help of a Table of meridio- 
nal Parte, the whole Practice of Plain Sailine, as per- 
formed by given Numbers, "may be reduced to Mercator, 
by Fuclide, Lib. 6. Prep. gs being both projected ly 
a plain Triangle, and he Courle, whether given or 
reon'red, te ng the ſame in Loth, there muſt needs he | 
the fame Proportion between the enlarsed Diſtance, and 
the true Jiftance, (being ſuppoſed to be the Hypotenu. 
ſes of 2 equiangular Triangles) or between the Difference 
of ELonz'tave an! Departure, (the Perpendiculars of the 
ſaid 2 cculangular Triangles) as there is between the 
mer Jional Difference of Latitude, and the proper Diffe. 
renc> of T atitade (being the Baſes of the ſaid 2 Tri. 
cs) and upon theie Propoſitions the whole Fahrick 
ci 1-reatir's Sailing is grounded; the exact Truth of 
bi. E 's proved not only by the Demonſtration of Euclid, 
in the Propoſition above- named; but alſo by comparing | 
the Quetons thereby periormed to thoſe in the fin 
Part, performed by a Canon, in which I ſhall, for the 
Reader's Satisfaction, refer to the laid Queſtions, as in 
the feilgwing Exampics. 
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Sc, 3. Mercator's Snilius Arth retical. 


CASE: One Luise, 1 


Ul 1 * 1 „ - «© + 4 * * . 
M j f; 17 ö Fe 64 4 LAN! + y ' £448 & . Arty (4/1 1 A 6-4 


1 . 92 * + 4 , % 
C7 Lee 
* 5 * 2 
Be 1 [ LI * 


Find Difference of Jatinwie end Perm tire, as 


5 , 18 o , , % " 4 #44 F - g * ls K 44 
E ? 60 bs (3 4 [t 2. « 44 1 F171 ris 5 4 .. , WITT * 1 14 LOT : , f 
: , E 1 Ve Gs * J mY My . * , 1 e 3 0 
fer nec n dau, CRE Lrepertlion 8. oon 
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Ine. e: G2. el J. ae oe er FOIL ie Dteremce 61 122 
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titud - 10 1 rtu S do þ TY Wh TI 01 b. Or. Nie. 


Darftien. N Ship in at. so om North, ſails N. 


W. by N. 987 Xliles; I demand the Latitide com. 
together with her Leparture, 221 
tude. > 


For Dig. of J:atit 4 ic. Fur { WAA "Ms . 


— —— 
201 4.23 
7599 4935 
4 +5 


Diff. Lat. 819 or rather 820, Peparture $5483, merid. 


Diff. Lat. 1519, then for DIF. ongnude; 
As 820 to 1519, ſo 5.48 te Diff. ol Longitude. 


1519 $20,832 412{4c15 
543 2124 


— — 61 


6076 112 
7595 | 


$32412 


For. 55 Fs, * 1 , | 
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CASE II. 6:5 Lititndes an! Con”? given, to find the 
Sadie, L ariire, and Piference of Longitude. 


The RULE. 


Tin, the Diſtance and Departure, as in Caſe the fe. 
cu of . lain Sailing Arithmetical, and then find the 


;, ference of Lonyitude, as in the firit Caſe of Mercator 
Sailing. . 8 5 | 


Onceſtion. A Ship ſails from a Port in Latitude 
£64 25m North, and fails away N. N. E. ſeveral Days, 
and then finds herſelf by Obfervation in Latitude 684 
30% North, I demand how far he hath fail'd, and what | 
is his Diflcrence of Longitude, | 


For the Diffance. For the Departure. 
024)7250000784 _ 785 
7820 5 383 

4280 mis 
— 2355 
584 6280 
2355 
300,655 
As 725 to 1599, ſo zoo to Diff. Longitude. ; 
300 725 )477900(659 
4779990 6650 f 
_ | 


TLe Diſtance is 784 75+, or rather 785, the Departure 
$00, and the Difference of Longitude Gg9 Ii or 600. 


CASE 
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Ch. 4. 


| find thy 
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wi ated, 
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C A 8 E, 115 1 * 7,7 £2 TEL 7 , (or 7 , 29 737 Fente of 
Longit i Sion it en 2d ibe ueber Luatita/ le, Diftance and 


Dep irture. 
The: RULE: 


Add fo meny Cyphers to the ! iFerence of Longitude 
a5 YOu intend to ue Figure $I the given Number to di- 
vide by, and work as in Ca 8 III, ot Jain &. lin” Arith- 
mer ical; 8 oer ve, that where's the Quotient there 
is the true tand, bec aue you work by Departure, 
here the Quor.ent is the enlary ed Dittance or the whole 
Hypotennſe, contFned betu en the Angle of the Courſe, 
and the Top of the long eſt Perpen licular, repretenting 
the Difference of Longitude; and then the enlarged 
Diitance being found, from the Square ot the e. ilirged 
Diſtance, ſabtract tae Square of the Difference of Longi- 
tude, the ſquare Root of the Remainders the meridio— 
nal Difference of Latitude, which being found, and one 
Latitude given, the other Latitude is eaft ily found : Then 
for Departure, ie is only the former Proportion 1nverted, 
vis. As meridional Difference of Latitude to proper 
Difference of Latitude, ſo Difference of Longitude to 
Departure. 


Dueftion. A Ship in Lat. 554 oom North, ſails N. 
W. half W. till her Diff. of Longitude be 1 Deg. or 60 
Min. I demand the Diſtance, Depargare, and Latitude 
come to. | 


For the enlarged Diftance. 
67 )6000/1275} Squ. of the enlarged Diſtance 16225 


130 Square of Diff. of Lpngitude 3000 
300 — 
— Diderence of the Squares 12085 
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NVerid. Pw 15 - [ 0; 4 0 ſs IN 654 O OM; 08 


Totes oa es es 


op 
— 
Nier- d. Parts of I:. eme £5 535 04 — 81 


As N*crid. Df. It. 13 to proper Piff. Lat. 64, ſou 


the ciuarged Liſt. 12 ww tus true Dit. 723. 
128 3413 8892/72 
64 282 
—— —— — —Ü—E 
812 56 
708 


8192 
For the Departure. 


As Mer. Diff. Lat. 113 to proper Diff. Lat. 64, {6 
Diff. Longitude Go to Departure. 


04 113,3840(33 Dep. 33, or rather 34 


60 450 
— — 
3840 111 


CASE 


Sc 


C 


t. 
bi 


Ch. 4. ; Set. 2. Mercator's Sailing £rilbmetical. 10 5 


CASE IV. Both Latitu es an Piffanre , ec, 10 find 
te Courſe, Departite and Dif ercnce 67 Lene! ti Ute 


The RU LE. 


Find the Courſe and Departure, as in Ca/e IV. of 
Plain Silit „in CH al, and tuen tind [ nile rene 01 
Ling itude, as in C. / J, of Meredier's 4. lin ri i me- 
1 tia). 

ien. A Ship in Lat. 554 com Neth, ſaiis between 
the North and Fat 880 Miles. and then 15 by Ob Eryition 


3008 in LA. P's om N. 1demand as abore. 
E 7 
3 Sce the ſame Queſt on in Mercater's KLailing, C V. 
2881 
| Fer the Departure. 
„ ſoy 
95 Sq. of Diſt 7396 2406" 49 
89 70 Sq. of Dep. 4 0: 19 
Es 7 | Ren 
5 1 5 Diff. ot DS, 2 109 8 830 
O88 4900 Sor 
— — — 
7399 95 
Tur the Courſe. For Difference c Lemncitude, 
| 86700813 As 70 to 124, ſo 30 to Diff. Long, 
F | 120 50 70,6200 894 
G4, I 340 — 600 
L 82 40 
er 34 
The Departure 530, the Courſe N. J. 4 N. the Diff. of 
Longitude 883. 
ASE 


CASE 


22 * 9 c 4 p — 
a; 
A 4 : a . 
< ww ec „ — — — _— — m 
. 1 22 N * 
L q 3 * 


— — 
. 
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CASE V. De, Lotitu les and Departure given, to find 


— 


the Courſe, Bit aute and Difference of Longitu le. 
The R U I. ZE. 


Find the Courſe and Piſtance, as in Caſe VI of Plan 
All. 1” Ari ; 775 tical; and 13; ference of Longitude, as in 
the firit Caſe of Arete, Sailings Arithmetical. 


Qu ion. A Ship in Lat. 554 oon, North fails be. 
tween the North and Eaſt into Lat. 564 rom North, her 
Departure zo Niles; I demand the Courſe, Diſtance 
and Difference o Longitude. 


For the D:fl ance, 


70 50 Sq. of Diff. Lat. 4909 7 400{86 
70 co Square of Dep. 2500 64 
4999 25299 Sum of Squares 7400 1660 100 

990 
004 
For the Cour fe. For Diff. of Long. 
8$5/70000/8i3 As 70 £0124, ſo 50 ro Diff, of Long. 
120 | _ $9 
340 — 70 )0e00{89$ 
— 6200 . 
82 — 


* 


40 


The Courſe is N. E. ; N. the Diſtance 86; the Diffe 
rence ol Long itude 88 3, or rather 89. 


CASE 


2 


f Plan 


28 In 


ails be. 


th, her | 


Miſtarice 


$ 


Diffe. 


ASE 


Bec. 2 Mercato '« Sailing Arithmetical. 19 


CASE VI. Both Latitui's and Dif. of Longitude g i. 
den, to find Courſe, Diflance and Departure. 


The RULE. 


Square the D. fference of Jong itude, and alſo Meridio- 
nal Pee of Laude, the ſquare Root of the Sum 
of theſe two Squ? es is the enlirged Diſtance : Then, 
as Merid. Dt. c. Latitude to proper Diff. oft * -titude, 
ſo the enlarzed Diſtence to the true Piſtance: And 
then find the Cour.e as in Plain Jailing Arithmetical, 
Caſe IV. 


Qusſ ion. Suppoſe two Places, one in Lat. 564 15m 
North, the other in Lat. 584 35m, their Diff. of Long. 
24 30m, or 150 Min. I demand the Courſe and Diſtance 
from the Southermoſt to the Northermoſt. 


For the Diſtance. 


150 2600 
150 260 
75 150 
15 82 
22500 07600 
Sq. of Mer. Diff. of Lat. 65600. 00100{ 300 
Squ. of Dif. of Long. 22580 9 
Sum of the Squares 00100 G60 091 
000 
600 )$00 


„ 

! . 

4 | 
' 
. 
71 
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sec 


As 200 to 14, ſo 300 to the Eidance. 


300 2 C0. 1 729, ICI Fer tne Conrho C 
420009 | 420 1120 . 
1540 | 
145 1 
O5 1 
The Diſtance 16m. The Courſe N. N. W.; W. 
CaiSE VII. Cn: Latitude, Conrſe and Doportu, 
T v, to find ite ether Latitude, Piffance and Li een 
of Lon2:tu (0 
| 
{ib N 4 * U 1. F. 
Find che Diſt1nce by Caſe III, of Plain Sailing Arith. | As 
meiical, d iference of latitude as in C/ V, of the 
ſame ; * Difference of Longitude as in all the other 
C.ſes hcereol. 
Queftion. A Ship in Lat. 884 com North, fails 8.8 
W. W. till her Departure be 62 Niles; J demand as 
above. * | - 
For the Diftance Fer DS. of Lat. = 
th 
47700901127 127 G9 cor 
30 127 G9 2I0 
360 —— — — 
— 889 3900 C- 
33 254 £ 
127 l 
— 
1612 | 
| 
V, 
Wy 


24G 


4 of — I 


| VE - : o * . 
* TR Snare of Diſtance — 16729 125290111 
0. 0 Th — 5 =: 
* / Squ. of Departure ow $3000 I 
—k—14˖ 1m1m— — — — 
wy Diff. of the Squares 12529 219025 
EY 21 
OT 
2219429 
221 
, 
_ . — — 
{j ef oil 208 
For the Difference of Long it ue. 
Brock As proper DM. of Lat. 112, to Merid Diff. of Lat. 206, 
of the ſo Departure 60 to Diff of Long. 
other 3 
206 112 /123G9/ 110 
60 116 
* 5 , p * * 
and as | 12300 49 
The Difference of Latitude 112 Min. or 14 52m, 
1 \ Which ſubtracted from the Latitude ſail'd from, becauſe ; 
the Courſe? is Southerly, the Remainder is the Latitude 0 
| come to, 504 8m; the Diitance 127 ; the Diff. of Lon- Lil 
gitude 110. x 1 
CASE VIII. One Latitude, Difance ant Departure 1 
given, to find We Gt her La2titi * Cour ſe Ze Drerence of 1 
+ "Phe „ 1 4 3 
of Lon itule. 9 
| The NVL. 4 = 
Find the Courſe and Diference of Latitude 25 m y/.20 # 
V, of in Sajlins Afrithn:tical ;_ then find the Dai Fg 


eme of Longivude as belore. 


24G 


7 2 
Y 


— 4 3 


110 


DOneftion. 


127 
127 


— 


889 


254 
127 


—— —— 


16129 


For Diſference of Latitude. 


00 


3900 


Fur the Cour ſe. 


* 020 
310 


£6 


The Courſe S. S. W. W. the Lat. come to 36d 08n, 
and Diff. of Long. 110, | 


Sq. of Diſt. 16129 
Go Sq. of Dep. 3600 


Mercator's Sailing Arithmetical. Ch. 4. 


A Ship in Lat. 534 oom North, fails he. 
tween the South and Welt 127 Miles, her Departure 00, 
] demand the reſt. 


1252907111 


1 


Diff. of Sqs. 12529 21 025 


— 


\ 


For 1 ifſerence of Longituds, | 


00 


12300 


21 


2217429 


221 


208 


12760000 47/2 As 112 to 206, ſo Go to Diff. Long. 
1127123600110 


116 


. » 40 


SECT. 


CT, 


— — 


Ein 


er. III. 


Pa j '1llel S 27 / / ns A r il 1) 7427 icd J. 


Roe I proceed to the Solution of the fereral Ciſes 
of Perallel Sniline, I ſhall ififert a Tale of gigen 
Numbers, wh ch is equally uſeſul in Porarto! and A. 
die Latitude Sailing; for by thoſe Numbers the Verar- 
ture in Midale Latitude Srilins (which is the Pütance 
in 2 Parallel, or Eaſt and Weit Couric) is reduced to 
Diference of Longitide without any J.ogirtthms, Sines 
or Tangents, only by one Op:rat.oz in Divition, the 
Uſe of which Table in J'aro//e! Saili;s is thus: 

When you have the Þ:::nce in the Parallel given, add 
ſo many Cyphers to the Diſtance as you intqhd to uſe 
Figures in the given Number, and then d- the one 
by the other, and the Quoticut is the 1Ference of 
Longitude : But it Difference of Longitude, and the 
Latitude is given, multiply the Difference of Longitude 
by the given Number belonging to that Latitade, and 
from the Product cut oft as many Figures as vou multi— 
ply by, and the reſt is the Diftince ; and conſequently 
if Diitance and Difference of Longitude be given, und 
Latituc: required, add two, three, or bar Cyphers to 
the Diſtance, and divide that Sum by the Niffererce of 
Longitude, the Quotient found Jin the fable is the gb 
ven Number, anſwering to the Latit de reyaired, « 

* 


3 „ 
we 4 


3 : 
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A TABLE of idem Numbers for Farallel an! Mi. 
% Intirate ; the given Ne. for Lat. ood 00m being 


10000. 


—  - 


Chap. j. 1 


5 — — 


Lat. N. BIF. Lat. | N?. | D; 


= , 
z 3 


+ 


: 
90 


11 
Da 
ae 
1 
& 7 


IT 
q, 
12 

1 
\ 


| {| 9945 


20 9307 
2119274 
2219272 
23 i 9205 
Fes CARL 
23 9 35 


”- 


— 


4+ 


5 ; 
2 B 
10 

/ 

A 
7 


* 4 4 >. 


& | 99-6 
5; 9902! + 


. WI 3 'tI I 
9 00 1 


89891 


12 
110 


71995 
819 
919857 
* 5848 
11198968 
54 
1245 81 
1319744 
- 9 
1419703 
15 5 


a4 
—— r 


17 * 


23 — — — 


- * 
- * * * 
A I — F a a p * 
* „ „ 


26 8957 N 

* 2910 

25] 8820 
1 

29) 8740 

118065 


* 
— — * — — —— 
tho 1 Bw bo wa 
$2443: 3 40 
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3 43 
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N“. CF. 


152 
, 153 
155 


WW 
—— 
5164 
165 
106 


. 169 
1-70 
170 
171 
172 


w 


"_ 


& mm O0 OS 1 <1 Owe 1 eden 24 


-— 4 432 > Þ8 


9.1 


he Uſe of this Tahle of given Numbers for Paras 
and Ale Latitule Sailing, is partly laid Gown in the 


Pa of, * receding the 1 a! Je, and 171111 oe t1rth Jer EXem. 
pliſied in the ſeveral Caſes of un Ae Los. 


tnle Sailinr, and the ſame ur ele are to be obieryed. 


in the Uſe of this, that was to be o{ervyed in the fir{t Table 
of Given Numbers, 212 =. that for ” [2:n Seiliny Arithmeticot; 
for if the third Figure of the N ven Number he a Cy 
_ or 1 or wh you need uie but two Figures, (onleth 
* Queiiion be pi ropoſed in very great Nambers;) or 

it the 3 phird Figure he 8 or o, you may adde tot th. ſe. 
cond Figure, and ſo proceed in your Worte: But in this 
Table, as alio in that of /a FSailine, if your Que#t.on 
be provounded in Numbeis conſiſtng ol three Or Hur 
Figure. „it is beſt to uſe at leaſt as many Fig ares of the 
Given Number, as there is in the Data, or G:ven Term 
of your Queſtion, as We ſhall make evident by the fuce 
cecding Examples. 

J have ſet down the given Numbers, only to who! 


Degrees of Latitude; the Numbers to the interme!:::e 


Minutes being eaſily found by proportioning the iht. 
rences ſet down in the third, ſixth, and ninth Colurans 
of the Table, the Uſe of which 1s this ; Suppoſe in a Pa- 
rallel Courſe, the Latitude of the parallel (or in a Ad. 
ale Latitude Queition, the Mrs Letitude) be 62 De- 
grees, and I defire to find in the Table the Given Nam: 
ber to that Latitude; I look in the T able under [Lat.] 
and Find 62, and againſt it, under | Naw,] you find 495, 
the Given Number required: Bat if von would fi 1 the 
Given Number for Lat. 30% zom, 1 look ſor the Mun. 
ber for Lat. 60, and find sooo, and it being a 1 tude 
between go and Go, I look againſt 60, under [ie for 
the Diite rence, (tor the Difference betucen "the given 
Numbers for both Latitudes is aiways against the renter 
Latitude) and the Difference is 150, theretore It ke 
halt of 159, becauſe 30 Minates is half a Degree, and 
add it to the given Number for Go De-recs, IK. 5 200 
the Sum $076 is tae Given Namber for the Lat. 394 


Som, Which was required to de ARID n. 
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Av The Given Numter for Lat. oo oom is 10200, 


and from thence, as the I atitnde increaſes, the Num. 
ders d=cr=1e, fo that the Number for Lat. 90 is 5300; 
heme the greater the Latitude is, the leſſer is the 
(inen MHomnber; theretore obſerve always when you 


word find the Number to any [atitude confiſtins of 


Y'\e-recs and Minutes, take the Given Number to the 
ler Tatitinde, and to that add the proportional Par: 
nf ihe Pilerence found againſt the bigger Tatitude, the 
Sum is the. Given Number required. One Example will 
make it main, 

Snapple 1 defre to know the Given Number for Lat 
45% 40m, the Number for 40 (the bigger Latitude) 1; 
%“, and the Dfference 124; one Third of which, vi: 
41 nearcit, added to the Number 6946, the Sum 698; 
is the Number required. 

But if vou want the Given Number to any odd Mi. 
nutes, wh ch is not an even Part of a Degree, as half, 
or a Third, Be you may find it by Proportion it you 
would be very exact, or if your Queſtion- be 2 ives in 
great Numbers, and the Proportion is, As Go Min. to 
the whole Difference, ſo the Minutes, which the given 
Latitude wants of the bigger Latitude, to the Number 
to be added to the Given Number of the bigger Lat: 
tude. 

de ſire to tnow the Given Number for Lat. 434d 24. 

The 1 at.tude 434 24m wants 36 Min. of 44 Des. 
therelore, as Co to rhe Difference 120, ſo 36 to 72; 
hich added to 7103, the Given Number for the big. 
ger Latitude, the Sum 7265 is the Number for Lat. 43d 
2 Im required. 

Note, If you uſe al} the four Figures of the Given 
Number, the Difference is as it is expreſs'd in the Table; 
but it you cut off one Figure or two, Gr. from the 
Given Number to, the right Hand, you miſt alſo cut 
off as many irom the Difference, and the Remainder 
is the Difference; only if the laſt Figure of the Diffe- 
rence he 8 or ©, you may add one to the third Figure, 
as in other Caſes before-mentioned ; the Reaſon is_evi- 
dent to them that underſtands Decimals. 


Example, 
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2 Nramole. I defire to know the Ciren Number fyr 


O00 | a | ' 

* bu at. 60) 4 m. I cut oF one Figure to the richt hand 
' | , 

1 n of each calliteral Number, 71. Lat. Go, and I. at. 75 

9900 8 Wo, 

* _ and then the Numbers are 458 and 242; and feeny 1 

| wig cat off a Figure from the Number, I matt alio cut ons 
0 - n © 5 

ine : off from the Difference, and then the Difference is 15, 

IT 0 : . 7 

tot | which uſed according to the torevoins Rules, the Given 

* Number for Vat. God 45%, Witt be lound to he 345 

Part | L i 

and ſo in others. 

e, the 

1 1 

le Wi CASE I. :Two Ships nr DPlorrs {fn „ Popo!ts ASE be 77 

- [ Latitude, aud Diftance ideen, to fint their Difecreate of 

| At. 

4 I: 17 ;HHi b. 

GE) 15 

ly vic The RULE. 

1 0087 


1 ö Ad ſo many Cyphers to the Dicbince as yon think to 
bar uſe Fiaures in the Given Numver, and divide ly the. 
1 _ Given Number for the Latitude of the „ arallel, the 


2 

it you (Quotient is the Difference of Longitude. ; 

VER in 

lin. to Qucftion. Two Ships in Lat. of $57 09m. dient 75 

Slven Miles; I demand their Diference of . onne tune. a 

ſumber The Given Number for Cat. 5 0 is 6428, 4 if I -ut 

Lat. off one Figure to the right hand, it .li! 2 „e; but 
| becauſe the laſt Figure, gz. that to the rin: han „ 

d 2 40, which I cut of, 1 8; I adi one to the: d. and 

þ Des. then it wil be 643; and beeauſt I uſe tee Fi. 

to 72; eares of the Given Namnber, 1 aud three Cen. £5 

we big tne Diitince, and then divide one by the Ot 3. „ 

at. 434 | cording to the aforeſaid Rule, and the Work will 2nd 

Given ors 

Table, i hoi Te Dir of Lone. lid M. or 8 

m the 186 x 4 

Iſo Cut * 

nainder 5 

8 Diffe- EI 

Figure, 

is_evl- 

ample, 


. i 2 2 * 
\ Pol 

2 — — - . 1 

: 7 
r . - m— 8 _ 5 : 

— * b * "i = q . »& © © S my. - : 

: _ % 1 * A 
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Or if I cut off two Figures, the reſt to work with will 
te 64, and then I add but two Cyphers to the Diſtance 
(becauſe I uſe hut two Figures of the given Number) 
and the Work ſtands thus: | 


64/7c00{/118 The ſame with the foregoing Ope- 
120 ration, | 
560 


——— H— 


48 


CASE II. u Places in one Perallel, and Latitude and 
Diffcrenceeof Longitude given, to find their Diflance, 


The RULE. 


This is only the former Caſe inverted; for having 
found the Given Number for the Latitude, multiply 
the Difference of Longitude by it, and from the Pro- 
duct cut off as many Figures as you multiply by, and the 
reſt is the Diſtance requir'd; and thoſe cut off are a 
Decimal Fraction to be underſtood as in the Rules laid 
down at the Beginning of Plain Sailing Arithmetical. 


Quoſtion. Two Places in Lat. go, their Difference of 
Longitude 118; I demand their Diſtance, 


643 
118 


5144 The Diſtance 75 5334, or rather 76 


643 
643 


— — 


75874 


CASE 


CO1 


> and 
e. 


aving 
Itiply 
Pro- 
d the 
ire 2 
3 laid 
J. 


ce of 


er 70 


ASE 


wy 
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CASE m. Tus Places, thir Difazce on Diferoxce 
of Longitude given, to find the Laiitude they are in. 


The RULE. 


Add three or four Cvohers to the Diftance, and di- 
vide that Sum, by the EF ot Lonzitude, the Quotient 
is the given Number for the I. 119 4; le required. 

Qian A Sh p fails dur Welt 27000 Miles, and then 
ſnds her Differenc= of Longitude 55 be 425 Nin: 
mand what Latitude the Ship is in. 


de- 


4200 ;/27020807 9 z 
180 
12000 


0 


SS) 


By adding three Cypher to the Diſtance, and work. 
ing as before directed, you find the Quot:ent 042; vr 
it you add four Cyphers, it will bring out tour Figures 
in the Quotient, ig. 6428, which found in the Table, 
you. find it againſt Latitude 30, which is the Latitude 
of the Parallel required. 


CASE IV. Tro Ships failing direfly; Nerth er Scutb, 
their Dif ance in ane Parallel given, to fad ther Difanc, 
in the ether Parallel. 


The N '#4 4 E. 

Find the given Numbers for eich Latitude, and ſ1y 
by the Rule of Three: As the Given Number for tis 
firſt Lat. to the given Number for the ſeconu Lat. fo the 
Diſtance in the firit Latitude to the Diſtance in the ie. 
cond Latitude. 


1 3 Ce- 
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Q ien. Suppoſe two Ships in Lat. go, diſtant 200 
Niles, ſail both directly North into Lat. 734. oon; 1 
demand their j/iitince in that Parallel. 


Here we ihail ule but the two ſirii Figures of the Gi. 


ven T. umbers. becaule the third Figure in each Num. 


ber is but mall, 3. 2: And then, by the loregoin, 


Rule, 


As 64 to 29, ſo 2000 to the Diſtance in Lat. 73. 


20 6405800 go 
2150 

40 
5800 


Their Diſtance in Iat. 73, is goge, or (if you will 
avoid Fractions) 91 Miles, 


CASE V. TwoS hips in one Parallel with their Diffance 
in that Paerallcl even, and ſailing both irc North or 
South, with their Diffance in the Parallel ſail'd to, gi. 
wen, to fin! the Laiitude come to. 


Tore R UL E. 


This is only the former Proportion (in Caſe IV.) 
inverted, viz. As Diſtance in one Latitude to the 
Diſtance in the other I] atitude, fo the Given Number 
for one Latitude te the Given Number for the other La- 
titude. 


Qucftion. Two Ships in Lat. go, diſtant 200 Miles, 
ſail both directly North, till they are but 91 Miles di- 
ſtant; 1 demand the Latitude come to. 

As 200 to gr, ſo 64 to the Given Number for the La- 
tituce come to. 


» 


Thi 


5. 4. 


200 
1 


Gi. 


aum. 


"Oil 


IV.) 
the 
her 
La- 


es, 


di- 


ccd. J. dale Lat. 621.110 Lrtilietical, 11 9 


01 
64 2005824029 
354 
545 24 


The Quotient 20 15 the tu o 526 Furs Ofebe . 
ven Number for the Lat. come to. 22. Lat. 7 cem. 


U 


. ES 


* ” =— * : ' 1 3 32 TEEN 
Middle ee S421. 8 Vie“. 


* | 5 ” . X * 
N working the ſevera! Caſes an! neſtions of M/; 
Latitude Sailing, ve ſhall hive Occ on to nner Vie 


of both the Tables of Given Nunbers, % in all C:les 


or Varieties, where the Cour“, Dfforrco,, 1ifor onion tf 


Latitude, and N par, are lern, (ther Given or 


Required, the Operation Is pertorr n By te r 1481. 
2S in Plain Lai hut u nen 1) foi ace 6 J. cart is 
a Term in the Queition, * hether Gi ef Or Re "Uurca) 
the ſecond Table 18 of Ui Ie, a8 Te appear 1), tuc $9: 26's 
ing Examples. 


+ A Sg E J. Hue Latitude, Fear FIT 3 72 ge N. 
70 fn ' the ether Latitude 3 II Pparinit 5 UN 11 A Co 
L: G1! 8 Hunr - 


The RL. E. 
By Conrie and Diffance nd 3 ficrence of tit 


eny [2 EPartire, (and COnkeguendt'y Re traer Attitude, 
28 in Co 7 J. 01 n 1 \ 27/7116 i ST OMRCHICAE 7, and ther 


the D.ſterence of Lon eitide, it is 164d, by the tecontd 


| 
1 ; 5 
*d U 386. 


» 
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4 
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- 


— 


5 
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Find the Given "Nurab er for the N Ale 


120 


Tahie t!. 
* „ 

31% „17 
ares, rei! 1 0 the Nules! 1a! 
of j 1 4 77 1470, 
$ i:inn riiimectiral; then to the Departu 
71 Vie 10 the Ria! | 1 l ld, 


ven Kumber, the Quoticit is the Lengituce required, 


op ofien A >Smp in Lat. 
W. by 3.. 987 NI. les; 1 demand the 


unn De, vartare, and Eiger cee Ol Long zitude. 


For the Difterence of } e and D Spar ture by the 
D Coty CO] | {ail veil 0-38 & HE» Cl. 
Dig. ef Latitude. Tor Departure. 
5. 
97 987 
J hw wt #5 
83 $59 
— — — 
2951 592 
758 „ ; 
/ JO 4035 
— 1935 
51921 — — 
543,772 


Althcu»l the three firſt Figures of the Given Num. 


ber to find the Departure for that Courſe be 555, yet the 
and add one to the 
as in the Operation a- 


lait Figure being 6, I cut it off, 
third Fig ure, and cut it 550, 
bove, aud lo the Pifference of Latitude is 819, or rather 


20, and the Departure 549, allowing one for the 
Fraction, 


Then For the Difference of Longitude. 


The Diff. of Latitude being $20 Min. or 134 40m, 


the Latitude come to is 634 4om, and conſequently the 


Middle Latitude is 50d 50m, the G:yen Number for that 
Latitude 
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of which you may u, E Bc three, or four Fi. 
. down at the Bee inning 
and A 1 3 ar the Beginn! ing of Far alla 
- add ſo man 
oh You tend fo ue Ft. 
tees in the wen Numer; that Sum divided by che Gi. 


cog Don North, ſai's N. 


At 1 e Come ta, 


3 


CA 


Tum- 
t the 
| the 
n à. 
ther 
the 


om, 

the 
that 
dt 


— 


3 


Latitude (found by the Rules laid down in the Bern- 
ninz of Parallel Sailing) is $470; but the laſt Figure 
reing aA Cypher, I cut it off, and work with the ret, 


£ 


as in the Rule above, and the Operation ſtands thus: 
547 5499001003 The Difference of Longitude is 
2000 1003 Nin. or 16d 43% Welt. 


——5ði — 
2 ; 


CASE II. Bot“ Lotitude's ant Conte den, to find the 
Dopartir: 5 (1 I Diff er: Me 5 L. 1. lo. 


98 T3 4 OX 4 
79 I A # 1 
Fir dle Wanted Penorture, as in Caſe the ſe- 
. g 
Son i er . „eien. Zirl, and then pd the 
Umerende ot Lorne. a in the fril Calc of ade 


Latt: one Sailing riutimticuùl 

Note, Tu AT % Latitade Sailins Arithmetical, this 
Way ot findinr the Lonitide anſuers in all the Caies 
thercof, ind therefore 1 hall not need to mention it in 
tie reſt of the Culcs. : 

ien. A Ship takes her Departure from a Port 
in Latitude 564 2 zm North, and ſails N. N. E. till 
ſhe finds herielf to be by Obſervation in Latitude 684 
zom North; 1 demand the Diſtance ail'd,. with her 
beparturs, and Difference of Longitude. | 


The Difference of Latitude is 12! m, Cr 725 Mp 


For the Dift ance. Fer the Departure. 


— 
W 


024, 725000( 784 
7820 
4280 


— 
IT 
Vo 


41 


© 
Q 1 


t3 
FS) 
8 15 


684 


Vi 000 


U3 
O 
O 
A 

22 

1 


ke 
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The Middle Latitude, C62 % 28m. 
The Given Number for G24 28m is 4622, 


Then for Diffcrence cf Lengitude. 


The Diff. 78; ; the Departure 3zot; the Diff. of Lo: 
£itude 8 T Nin. or 104 $1m Lalit. 


CASE III. Both Latitudes and Diffance given, to fir 
the Courſe, Departure, and Difference of Longitude. 


by, 
The RULE. 


Find the Courſe and Departure, as in Caſe IV, oi 
Plain Sailing Arithmetical, and the Difference of Long 
tude, as in other Caſes hereof. 


Qucffion. A Ship in Lat. 554 oom fails between the 
North and Eaſt 86 Miles, and then finds herſelt by O“ 
ſervation in Lat: 564 loom; her Courie, Departurc, and 
Difference of Longitude, is required. 


Fer the Departure by the ſquare Rect. 


2 70 Square of the Diſtance 7395 
80 70 Square of the Departure 490 


516 4000 Diff. of the Squares 2496 
O88 © 
7390" 


2400 


Fin 
Sailin 
1. 
tween 
her 1 


2496 
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2400/49 The Departure zo neareſt, becauſe the 


10 Fraction 1s more than the Root by 
3 the general Rule in Cæſe V, of Plain 
89 896 Sailing Arcthmctic al. 

801 

— 

25 
Fer the Difference of Lene. For tho Cour. 
The Midd. Lat. is 55 1 35. 86 )700095(B813 
The Given Numb. 3652. 120 
£55 /50000 88 340 
4800 
280 


The Departure 50; the Courſe N. E. N. and the 
Diflerence of Longitude 88 F ere. 
4) 
CASE IV. Both Latituides am Departare given, to find 
the Courſe, Diftance and Difference of Lengitude. 


Find the Courſe and Diſtance by Ca/e VI, of Plain 
Sailing Arithmetical ; and Long. as in the other Caſes. 

Luecftion, A Ship in Lat. 55d oom North, ſails be- 
tween the North and Eaſt into Lat. 504 rom North, 
her Departure 5o Min. or Miles, the Courſe, Diſtance. 
and Difference of Longitude are required. - 

The Difference of Latitude is 70 Miles. 


For the Diftance by the ſquare Root. 


70 50 Sq. of Diff. Lat. 4990 400 86 
70 50 Square of Dep. 2500 04 
4900 2500 Sum of Squares 740 16/7 1000 
0920 
004 


+ w 4 
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Tor the Cour /e. | For the Diff. of Long. 
$.;,70000/ 813 The Md. Lat. 554 z zn. 
120 The Given Num. 50352. 
342 
505 /50000('88 
82 | 4800 
295 


The Diſtance 87; the Courſe N. E. 1 N. the Diff. oi 
Long itude 85 5 NIiu. or 14 28m Eczit. 


CASE V. Heu Laritudes and Diff. of Long itu ſe gira 
a FP i * a 1 
to fins Courſe, Diſtance and Departure. 


The RULE. 


In all Cafes where the Nifterence of Longitude is 2. 
ven, and Departure required, the Operation is but the 
Inverſe of that tor finding Difference of Longitude when 
Departure is given; for it the Departure, with, Cyphen 
added to the right hand, and divided by the Giver 


Number, for the Middle Latitade, proquce the DLiffe. 


rence of Longitude ; then the Difference of Longitude, 


multiplied by the Given Number for the Middle Lat. | 
tude, muſt needs produce the Departure, with Figurc | 


to be cut off; becauſe any Quotient multiplied by th: 
Diviſor produceth the Dividend; therefore, to find the 
Departure in this Cate, multiply the Difference of Lon. 
gitude by the Given Number tor the Middle Latitude, 
and from the Product cut off as many Figures to the 


right hand as you multiply by, and the reſt is the De. 


parture ; thus havins Ditterence of Latitude and Depar- 
tare, find the Courie and Diſtance, as in Caſe VI. oi 
Plain Sailing Arithmetical. 


, Dueſti on, 


: 
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Queſtion. I. demand the Courſe, Diſtance and Depar- 
v7. ture, between two Places, one in Lat. 56d 15 m. N. the 
other in Lat. 584 35m N. their Difference of Longi- 
3 Im. tude 150 Min. or 24 30m. 
O52, 
: For the Departure. 
88 . - b ; 3 
) The Middle Latitude being 37d 25m, and the Given 
0 Number 5384, | 
) ; 5384 
150 
Diff. f 
200290 
5384 
Sides 
| 807 
For the Courſe. For the Diftance by the Square Rect. 
is 0, 161 )1 40000{ 86g 140 81 8. of I), Lat. 10000 
ut te 1120 140 81 Sq. of Dep. 6561 
when "1340 e e 
ypben £600 81 Sum of Sq. 26161 
Giver —— 1 1 
ritude, | $9609 * "8 
5 * * — — 
Lat. 4078 
igur | N 8 
y the 15 
, — — 
id the SAS 
Lon- | 3 52 
itude, . 
/ — — 
0 the O 
- De. BIO 2 
* 7. * . 22 # _ ; 3 
T a . Is 161; ta Departure r 
8 Dn mn 81 5 ans Courts 2 ? roints to the E 
8 Weltward ot the North or South, according to 
3 „ of the Long itude whethes Eaſt or 
, ion. Theſe 
| 
| 
. 
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Theſe being the moſt uſef 1! Caſes, I ſhall (as in My ery th 
Cle Latitude Sailing. Tri:onomtrical) ſet down only tt in one 
D ta and 2aunſita of the reſt, with Rules for work 
them, and Icave the Operation for the Learner's Pract, On. 
CASE VI. One Latitude, Courſe, ant Departure 2. OD 
ven, to flal the ct her Latitude, Diffance, and Differer: 8 
of Longitude. : Fr 
TY RU brit: : 
Find the Diftance and Difference of Lat. (and ©; 
ſequently the other Latitude) by Ca/e HT, of Fluin Se. 
in: irithmctical, and Difterence of Longitude as in t: 
other Caſts. 
CASE VII. On: Latitnl-., Difance and Deportes: 
gigen, 16 find the reſt. 
- Sg. 
The RULE. Sol 
Find the Courle and Difference of Latitude, by C © Dif 
V, ot Plain Sailing Arithmetical, and Difference of Lo. | 
gitude as before, 
? 
| | Fer 
CASE VIII. Courſe, Departure, and Difference ( 
Longitude given, to fin both Latitudes and Diſtance. | 
: | 651 ): 
The RULE. 
4 Find Diſtance and Difference of Latitude by Ca\ | 
185 III, of Plain Sailing Arithmetical ; then divide the De 
Jy parture (with Cyphers added on the right Hand) by tie 
1 Difference of Longitude, the Quotient is the give 
. Number for the Middle Latitude, conſiſting of as man, 
5 Figures as you added Cyphers; and the Middle Lat. | Tt 
14 tude, and Difference of Latitude, thus given, or found, ven 
4 the other Latitude is eaſily found; but beciuſe Depar- Lat. 
ol. ture and Difference of Longitude given, to find Middle © added 
4. Latitude, (and conſequently both Latitudes) 1s a Vari- gives 
16 ety and t 
'Y 


3 4 
N — 
. ——_—_——— 
, - > — 
3322 3 = - —— - — 
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— RC - « % CY 
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oy 
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ound, 
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Vari. 
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at we have not had an Example in, 1 ſhall inftance 
one Queſtion for the Reader's Practice. 

ion. A Ship ſails N. N. E. till her Departure be 
and Difference ot Longitchle 651 ] demand both 


291 
5 
Latituges and Diſtance. 


Fr the Diflance. For Di? Lat. yy the ſquare Regt. 
383 )301009{ 785 785 301 
320 785 301 
8 + 2 Do — — — ——— 
— 302 307 
345 6280 0030 
5405 
— — 90601 
Nh, 616225 
Square of the Diſtance | 616225 
Square of the Departure — co] 
Diff. of the Squares — 528624 
Fer the Middle Latitude. „ 525624072. 
651 }z01000{ 462 142/350 .. 
40900 284 
1540 | 
| 14450 7224 
238 5780 
1444 


The Number 402 is the three fir? Figures of the Gi. 
ven Number for the Middle e e Which aniwers to 
Lat. 624 28m; then halt the Difference of Latitude 
added to, and ſubtracted from the Middle Latitude, 
gives the two Latitudes, 594 25m, and 684 20m, 
and the Diitance is 785. 


Neto * 


—— : ICT” 
— 1 — — L =p — * 2 2 — — I — 
. 2 * 7 2 
— * F: 2 - Si 
— — * 5 
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Nate, Altho the Diff. of Lat. comes out hut 724, ye 
the Fraction is fo great, that if the Number had been 
but ones Unit more, the Root had been 725. 


CASE 4 Mi. J Latitude, Courſe, ol Diff ance gige, 
to ff both Latil udes, D. parture, and Dijcrence of Lig. 
gulli. 


The 7 * 4 / 


By Courſe and Diſtance find Difference of J. atituge 
and Departure, by Cale IJ, of Plain Sailing Arithme; ical, 
and then find Difference of Lon: gitude, as in other 


Caſes. 


CASE NX. Courſe, Difauce, au Difference 67 Loni. 
tue gigen, to ind both Latitud:s and Departure. 


The RULE. 


Find Difference of Lat. and Departure by Cale I, oi 
Plain Sailing Arithmetical, and then fin! Middle Lati 


tuce, and conſequently both Latitudes, by Caſe VIII. 
hereof. 


CASE RI. Courſe, Difference of Latitude, and Dif 
rence of Longitude given, to find beth Latitudes, Diftante, 
end Departure. 


The RULE. 


Find the Diſtance and Departure by Caſe II, of Plan 
Sailing Arithmetical, and then find Middle Latitude, 
and thereby both Latitudes, by Caſe VIII. hereof. 


CASE 


quentl 
of this 
is to be 
Sailing 
a grea 
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„ CASE XII. Middle Latitule, Courſe, and Difference 
en of Longitude, given, to find bath Latitudes Diftance and 
Depar ture. 
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The RULE. 


x \ 
1 
21 
1 
SC. 
. 
; 
4 | 
- 
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For the Departure multiply the Difference of Lon- 
gitude by the Given Number for the Middle Latitude, 
and from the Product cut off as many Figures to the 
right Hand as you multiply by, and the reſt is the De- 
ie parture, and thus having the Courſe and Departure, 
al, you may find the Diſtance and Difference of 'Latitude, 
\er and (by the Help of Middle Latitude) both Latitudes, 
E008 Coſe III, of Plgin Sailing Arithmetical. 


gh CASE XIII. Ons Latitude, Departure, and Difference 
of Longitude given, to find the other Latitude, Courſe and 


Diftance. 
| The RULE. 

Find the Middle Latitude by Ca/e VIII hereof, and 
| then having one Latitude, and Difference of Latitude, 
— the other Latitude is eaſily found; and thus having 
both Latitudes and Departure, find Courſe and Diſtance 
by Caſe VI, of Plain Sailing Arithmetical. 

And thus I have gone thro' the Thirteen Caſes of 
Middle Latitude Sailing Arithmetical, where in the firſt 
five Caſes, in which there are Queſtions propoſed and 
wrought, I have ſet down the very ſame Queſtions here 
that are in Middle Latitude Sailing Trigonometrical, that 
the Reader may ſee the exact Harmony between the 
lain k Trigenometrical and Arithmetical Operations, and conſe- 
ade, quently may be convinced of the Truth and Certainty 

ol this Way of working, ſo far as Mi/4!e Latitade Sailing 

is to be depended upon; and although Midale Latitude 

Sailing deviates ſomewhat from Mercater, eſpecially at 

a great Diſtance from the EquinoQial, or where the 
Queſtion is propoſed in great Numbers, yet it may be 

of great Uſe in keeping a Reckoning; becauſe, in a 

SE | fingle Day's Work (which ſeldom exceeds 30 or 40 
Leagues) the Difference is . and al- 
ways 
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ways obſerve, that if through Haſte you cannot take Þ coil 
Time to reckon the Middle Latitude exactly to a Mi. Sca 
nute, take rather a Latitude too great than too little pro 
for Middle Latitude, and that will leſſen the Error, 33 7 
T hinted in VAdale Latitude Sailing Trigenometrical, is t 
Caſe J. 7, 

bec: 
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Sc . 1. 


ceſſary, firſt, to give a Deſcription of that Part of th: 
Scale which ſer ves ior our preteat Purpoie, and then 
roceed to the Uſe of it. 

The firſt Line next the Tp, commonly marked F. B. 


is the Sine Rumbs, and is numbred 1, 2, 2, 4, 3, 6, 
7, and ends at the Braſs Nail with 8, which is Radius, 
becauſe 8 Rumbs or Points of the Compaſs, is a Quarter 
of the whole Circle, and therefore equal to go De2re:s. 

The next Line marked 7. N is the Tangent Rum! s, 
and this Line is numbred r, 2, 3, and then at the 
Braſs Nail 4, the Tangent of 4 Points, or 45 Degrees, 
being equal to Radius, and then proceeds back towards 
the left Hand with 5, 6, 7, the Tangent of 8 Points, 
or 00 Degrees, being infinite. 

Theſe Sine Rumbs and Tangent Rumbs, are only uie- 
fal in Navigation. The Sine Rumb, or Tangent Rumb, 
being only the Sine or Tangent of the Degrees and 
Minutes anſwering to thoſe Rumbs: Thus, becauſe 1 
Point of the Compaſs contains 114 15m, therefore the 
Sine of 1 Point is equal to the Sine of 114 15m, Se. 
Alſo three Points are 334 45m; therefore the Sine of 
3 Points, in the Sine Rumbs, is exactly againſt the Sine 
of 334 45m in the Sines, and the Tangent of 3 Points 
is right againſt the Tangent of 33d 45m, Sc. 

The next Line being the third in order, marked 
[ Numb. ] is the Line of Numbers, which is nvmbred 
from the left Hand with 1, 2, 3, 4, 5, 6, 7, 8, 0 1, 
2, 35 4 f, 6, 7, 8, 0, 10. The Divifions at 1, 2, Cc. 
being the greateſt, and growing leis towards 0, Cc. 
Theſe Diviſions being divided each into 10 P rt:, and 
every one of theſe again ſubdivided (where Room Wall 
permit) into 10 Parts, and are thus read: If you call 
1 at the left Hand 1, then the next 2 is 2, and ſo on 
3, 4, 5, c. to p, and the 1 on the Mͤiddle is to, and 
the next 2, 3, 4, Sc. is 20, 30, 40, Sc. and the to 
zt the right hand, is 100, and thus when 1 in the Mid- 
dle is 10, and the 3 is 20, Sc. then every one of the 10 
leſſer Diviſions between 1 and 2 is 11 Thus 1 being 10, 
the next ſmaller Diviſion is 11, and the next 12, where 
there is commonly a Braſs Nail, and io on, to 13, 14, 
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15, Sc. till you come at the 2 for 20, and 3 for 30, 
and ſo in the reſt. 

But if you make 1 at the left Hand ro, then 1 in the 
Middle is 100, and fo at the right Hand is 1000, and 
then every one of the lefſer Diviſions, which before way 
reckoned 1, is now reckoned ro, Sc. Thus the 1 x 
the Middle being 100, the next ſmall Diviſion (which 
before was called 11) is now 110, and the next where 
the Braſs Nail is, 120, Sc. and then every one of the 
imalleſt Subdiviſions is called 1. Thus ſuppoſe I would 
find 125, on the Scale I call r, in the middle, (or at 
the left Hand) 100; and counting 2 of the ſmall Divi. 
Hons further (which is juſt at the Braſs Nail) and then 
5 of the ſmalleſt Subdiviſions, there I hold my Compaſſes, 
it Kg the Number required; a little Practice will make 
it eaſy. 

The next Line is the Sines mark'd at the right Hand 
[Sines], and numbred from the left Hand, 1, 2, 3, 4, 
5, 6, 7, 8, p, 10, 20, 30, 40, 50, 60, 70, 80, go; the 
longer Subdiviſions between 10, and 20, and between 
20 and 30, Cc. being each r Degree; but the Degrees 
under 20 are ſubdivided into 6 Parts, each Part being 
10 Minutes; and where the Degrees are divided into 4 
Parts, each Part is 15 Min. &c. Thus ſuppoſe I ſeek the 
Sine of 23d 3om ; firſt I find 20, and then count 3 of 
the bigger Subdiviſions, which are 23; and then 2 of 
the ſmalleſt Subdiviſions for 30 Min. (becauſe the De- 
gree is divided into 4 Parts) and that is the Point re. 
preſenting the Sine of 234 gom, where there is com- 
monly a Braſs Nail, as at 12 on the Line of Numbers. 

The next Line is Verſed Sines marked [V. Sines] of 
which there is ſeldom Uſe made in Navigation. 

The next is Tangents, marked at the right hand 
[Tang.] they proceed from the left Hand to the right, 
from 1 to 45, and then back to the left Hand towards 
do, the Subdiviſions are underſtood in all Reſpects, as 
thoſe of the Line of Sines, uu therefore need be no 
further explain'd. _ 

By this Scale, and a Pair of Compaſſes, may be per- 
formed all the Propoſitions in Trigonometry and Navi- 


gation, in all their Parts, As they are ſolved elſewhere 
in 
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in this Treatiſe by Geometrical Conſtruction, and by 
Arithmetical Calculation, ſo here I ſhall ſhew how they 
may be ſolved by Inſtrumental Operation; and here, 
whatever the Queltion be, the Proportion for anſwer. 
inz it is the ſame as in Trigonometry, by Logarithms, 
Sines and Tangents; only whereas in Natural Numbers, 
the Operation is perform' by Multiplication and Divi- 
ſion, (when three Numbers are given to find a fourth) 
and in Logarithms it is done by Addition and Sub- 
traction; ſo here it is performed by taking in your 
Compaſſes the Diſtance upon the Scale, between the firſt 
and ſecond Given Terms, and the ſame Extent will reach 
from the third Given Term to the fourth Term required ; 
but becauſe, if the ſecond Term have the ſame Propor- 
tion to the firſt that the tourth hath to the third, then 
the third will have the ſame Proportion to the firſt that 
the fourth hath to the ſecond, by Euc/ide, Lib. 5. Prop. 
16. and therefore, when the firtt and third Term are 
both of one Denomination, wiz. both Sines, or both 
Tangents, or both Numbers, as it happens in moſt 
Queſtions in Navigation, and where the ſecond and 
fourth are alſo of one Denomination, I would rather 
adviſe to extend from the firit to the third, and b 

that means you keep along one Line, whether Sines, 
Tangents, or Numbers; and then the Proportion and 
Anſwers will come out the ſame, as by Triganometrical 
Calculation. 

And becauſe the Proportions in this manner of work- 
ing are the ſame as in the Logarichmical Operations, 
I ſhall not be at the Pains of running over all the par- 
ticular Caſes of Plain Sailing, and Mercator, Sc. as in 
the Geometrical and Trigonometrical Parts hereot ; but 
ſhall only inſtance in ſome few Queſtions, and thereby 
ſhew the Learner how all the reſt may be de.iuced from 
the Proportions elſewhere laid down in the Trizonome- 
trical Part. 
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Cha P. 5, 


Fxampie in Flain Sailing. 


CASE I. Courſe and Difance given, to find the Dit. 


Terence of Latitude and Departure. 


A Ship fails N. W. by N. 123 Miles; I demand hex 
Lit. of Latitude and Departure. 


Fir for the Dif. of Latitude. 


You may obſerve in the Frigenametrical Part, that the 
Proportion is, As Radius to the Diſtance, ſo Sine Com. 
plement of the Courſe to Difference of Latitude; there. 
fore here the Courſe being N. W. by N, that is, three 
Points from the Meridian, its Complement. is five 
Points; therefore extend on the Sine Rumbs from Radive 
(the Braſs Nail at the End) to five Points; the ſame 
Extent will reach on the Line of Nunbers from 123 to 
102, the Diff. of Latitude required. 


Then for tbe Departure. 


The Proportion in Trigonemetry is, As Radius to 
Diſtance, ſo Sine of the Courſe to Departure; therefore 
extend from Radius to 3, on the Sine Rumbs, the ſame 
Extent will reach from the Diſtance 123 (on the Line 
of Numbers) to 68, the Departure required. 

Note, The ſame may be performed on the Line of 
Sines ; for if you extend from Radius to Sine of 334 Un, 
(the Courſe reckoned in Degrees and Minutes, allowing 
1171574 to a Point) the ſame Extent will reach on the 
Line of Numbers from the Diſtance 123 to the Depar- 
ture 68, as before; and for Difference of Latitude, ex 
tend from Radius to Sine Complement of the Courſe, 
£64 15m, the fame Extent will reach from the Diſtance 
123 to the Difference of Latitude 102, and ſo in 
others. 

Thus in Plain Sailing, Cafe II, where Courſe and Dit- 
ference of Latitude is given, to find the Diſtance and 


Depar- 
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Departure, you ſee in the Tigonumetrical Part, that the 
Proportion for finding the Diſtance is, As Sine Comple. 
ment of the Courſe, to the Ditterence of Latitude, fo 
Radius to the Diſtance; theretore extend from Sine 
Complement of the Courſe to Radius, the fame Extent 
vill reach from the Difference of Latituie to the 
Diſtance. 


Exomple. A Ship fails S. W. by S. till her Difference 
of Latitude be 174 Miles; I demand her Diſtance and De- 
parture. 


Fir, for the Diſtance. 


Extend from ; on the Sine Rumbs (or from 50 159 
on the Sines) the Complement» of the Courſe, to Ra— 
dius: The ſame Extent will reach from the Difference 
of Latitude 174, to the Diſtance 209; then for the 
Departure, the Proportion is, As Sine Complement of 
the Courſe to Difference of Latitude, fo Sine of the 
Courſe to the Departure: Therefore extend ſrom Sine 
Complement of the Courſe 5 on the Sine Rumbs, (or 
x61 15m on the Sines) to the Sine of the Courſe 3 on 
the Rumbs, (or 334 45m on the Sines) he Jame Ex- 
tent will reach on the Line of Numbers from the Dlite. 
rence of Latitude 174, to the Departure 1 16. 

In the like manner are all the Caſes in Yin Sailing 
and Mercator performed on the Scale, if you do but 
know the Proportions, (which you have at large in the 
Trizonem:trical Part) and therefore | need not enlarge 
any further upon it; only this is to be obſerve, that you 
muſt mind always to extend your Compaiſes the fame 
Way (whether backwards or forwards) at the laſt Extent 
that you do at the firit; that is, if your £2:tent from 
the firit Number to the ſecond be from the leit hand 


towards the right, then your fixed Point being placed 


at the third Number, the moveable Point muit be cx- 
tended: towards the right hand alſo, and the contrary, 
unleſs in caſe you have to extend from a Tangent above 
45, becauſe they increaſe from the righit hand towards 
the left (as hach been ſaid fore) of which you have 
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ſometimes Occaſion to make Uſe, in Caſe VI, of Plain 
Sailing ; as for Example, 

A Ship fails between the South and Weſt till her Dif. 
ference of Latitude be $0, and her Departure g; I de. 
mend her Courſe and Diſtance. 

'The Proportion being, As Difference of Latitude to 
Rad ius, ſo Departure to Tangent of the Courſe ; there. 
fore extend from Difference of Latitude 80 to the De. 
parture 905, (which is towards the right hand, becauſe 
increaſing, vig. 05. is more than $0;) the ſame Extent 
will reach from Radius to the Tangent of the Courſe, 
50; and although Radius is at the End of the Line, ſo 
that you cannot extend any further towards the right 
hand, yet in your extending towards the left hand, you 
muſt count the Degree that the Compaſs Point falls 
upon, on thoſe Degrees which are increaſing above 45 
towards the left hand ; thus in this Caſe, you find the 
moveable Point of the Compaſs fall upon a Stroak 
marked 40[;0, vis. it is either the Tangent of 40 or of 
50; but the extent from 80 to ox being towards the 
right hand increaſing, and your fixed Point being placed 
in the ſecond extent at Radius, viz. Tangent of 45, 
you muſt account the ſecond Extent alſo increafing, and 
the Tangent that is above 45, vis. 50, is the Anſwer to 
your Queſtion ; and this (with the Help of Plain Sail. 
25g Trigonometrical for finding the Proportions till you 
have them by heart) may be ſufficient for Plain Sailing 
Txftrumental. 


—_—_——. 


Sos II. 


Mercator Sailing Inſtrument al. 


Te Aſercater s Sailing, as well as in Plain Sailing, the 

Proportions are the ſame as in the Trigonometrical 

Part, and may be learn'd in Mercator's Sailing Trigono- 

metrical; but becauſe my Deſign is to ſhew how E oy : 
| ales 


is the 
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Caſes hereof may be ſolved by Scale and Compaſſes, 
without Tables, I ſhall firſt ſhew how the Meridional 
Difference of Latitude may be found by the Scale and 
Compaſſes, both Latitudes being firſt given or found. 

There is upon the Scale 2 other Lines, beſides what 
we have yet ſpoken off, which are next the lower Edge 
of the Scale; the firſt of them next the Tangent Line 
is the Meridian Line, marked [Merid.] and the next and 
loweſt is a Line of equal P rts, marked [ Eg. P.] theſe 
are of Uſe for Graduating a Mercator's Chart, (of which 
more elſewhere in this Bock) and alſo for finding the 
meridional Difference of Latitade. The equal Parts 
are Degrees of the Equinoctial, and every Diviſion or 
Degree contains Go Miles, or Minutes; and hence every 
10 Degrees mark'd 10, 20, 30, &c. contains Goo Miles; 
but the Degrees of Latitude growing larger towards the 
Poles, in a Mercator's Chart for holding the ſame Pro- 
portion to the Degrees of Longitude that they do upon 
the Globe, every Degree nearer the Pole, contains ſo many 
more meridional Miles, according as the Degrees of 
Latitude upon the meridional Line grow larger, as the 
Latitude increaſes; hence, to find the meridional Ditte- 
rence of Latitude, when the two Latitudes are given or 
found, extend the Compaſſes between the two Given 
Latitudes on the meridional Line, which done, apply 
the ſame Extent to the equal Parts, and accounting every 
10 Degrees 600 Mules, every Degree 60, and each halt 
Degree 30 Miles, c. you have the meridional Differet ce 
of Latitude between the two Places, and ſo may find 
what is required, and anſwer your Queſtion /nfrumen. 
telly, as well as Trigonometrically, if you be careful in 
the Operation. 


Example in Mercator's Sailing, Caſe I. 


A Ship in Latitude god oom N. fails N. W. by N 
987 Miles; I demand the Latitude come to, and Diff 
of Longitude. 


According to the former Directions, extend from Ra 
dius to Sine Complement of the Courſe, (wiz. 5 OO 
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Sine Rumbs, or 564 15m on the vines) the fame Extent 
will reach from the Diſtance 987 to Difference of Latitude 
820 Miles or Minutes, or 134 tom, Which added t 
the Latitude ſail'd from, finds the Latitude come t0 
634 Jom; then to find the meridional Difference oi 
Latitude, extend thz Compaſſes upon the Meridian Line 
from 501 om to 631 Jom, that Extent applied to the 
equal Parts, accounting (is betore directed) every 19 


Degrees tor Goo, and each Degree for 60 Miles or MIi. 


nutes, will be found to be 1522, the meridional Diſe. 
rence of Latitude. Then for Difference of Longitude, 
proceed according to the Proportion in Mercator's $ailin; 
Trisonometrical, Cuſe J. viz. Extend from Radius to the 
Tangent of the Courie, gig. 3 on the Tangent Rumis, 
or 334 45m on the Tangents, the ſame Extent will 
reach from the meridional Difterence of Latitude 1522 
to the Difference of Longitude 1017, end ſo in others. 

In Ce/e II, where both Latitudes and Courſe is gi. 
ven, the Diſtance is found as in Caſe II of Plain Sailing 
Iii, umental, and the Difference of Longitude as in 
Caſe J hereof, which is ſo eaſy, that it needs no Ex. 
ample. 


CASE III. One Latitude, Courſe, and Difference 9 
Longitude given, to find the other Latitude ani Diftance. 


A Ship in Lat. 5o North, fails N. N. W. till her 
D:flcrence of Longitude be 7 Degrees, or 420 Min. I 
demand as above, 


Extend from the Tangent of the Courſe, two Points 
to Radius, the ſame Extent will reach from 420, the 
Difference of Longitude, to 1014, the meridional Di. 
turence of Latitude. 

Tage the meridional Difference of Latitude 1014 from 
che Scale ot equal Parts, then with that Extent, and one 
Foot in Lat. 50, on the Meridian Line, the other will 
Teach to god 40m, the Latitude come to: Then for 
the Diſtance extend ſrom Sine Complement of the Courſe 


on the Sine Rumbs, or G67 30 on the Sines) to Radius, 
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the ſame Extent will reach from the proper Difference 
of Latitude 580 to C28, the Diſtance required. 


/ Sr cr. III. 
Pgrallet and Mid. Lat. Sailing Ii ſtrumeul al. 


PS Proportions tor ſolving all the reft of the Caſes, 
both in Mercater and Parallel Sailinr, and alſo in 
Mid le Latitude, may be fo eaſily deduced from the Pro- 
portions laid Gown in the Tr:iycromerrical Part, that f 
nerd ſay no more aVout them; only in the Inftrumentai 
Operation, where a Tangent is required, the En ! of 
the Compa's will ſometimes fall beyond the End of the 
Line; as ſuppoſe the Proportion were, As Tangent 217 
zom to Tangent 374 z n, ſo Tangent 424 zom, in 
a Tangent required. And here, if you extend trom th: 
firſt Term 214 3om to Tang. 37d 20m, the ſame Ex- 
tent will reach from 424 40m, to beyond the End oi 
the Scale; but to remedy this, extend from Tangent 
214 30m, to Tangent 374 20m, then with that Extent, 
and one Foot in Tangent 45, extend the other bak 
towards the left hand, and where-ever it lights, kecp 
it fix'd, and cloſe the other to the third Term, 2 
Tangent 424 4om, then with this Extent, and cnc 
Foot in Tangent 45, the other will fall upon Tangent 
604 45m, the Tangent required. 

As for Traver/e Sailing, it being compounded of ſerve. 
ral Queſtions in Plain Sailing, I thall not need to ſpeak 
of it in this Place, ſappoſing that by what s »Iready 
laid down in this Section of [rfruments! Newi: ation, the 
Learner will be able to make Application, as Occaſisi: 
requires, Without any further Inſtructions. 


Ez H A P. 
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CHAP. VI. 
Navigation New Modelld, | 1 


ſou; 
met 
| OR, ſaid 
ſaid 
9 
The Whole ART Perform'd | «: 
| BY A 
| E 
w Method. re 
|... - Bo 
abo 
TS the 
the 
OPP 
Rules and Grounds of the Method. add 
Rac 
N order to the right Underſtanding of this new Me. a 
thod of Trigonometry, I ſhall proceed, according to 
the uſual manner, aud ſhall, for the Help of Memory, 
lay down ſome fundamental Rules or Axioms, upon 
which the whole Operation depends, and by which all | 
the Caſes in Plain Trigonometry, both Right and Ob- 1 
lique, may be ſolved, without any Book, Table, or | to 
{nitrument whatſoever. But before I come to the Ax- | ral 
ams, I ſhall premiſe, that whenever a Side and an 7 
Angle is given, to find another Side, (which is the firſt is; 
and moſt uſeful Caſe in Navigation) there muſt firſt be to 
a Number found, which I call the Natural Radius, not giv 
chli becauſe it is the Original, from whence the Soft- Na 
1.905 are deduced, but alſo becauſe being found, it pro- 
duces 
25 N 


* 


"1 


d 
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Juces the ſame Anſwer in Natural Numbers, that 
the Radius, or Sine of go, produces in a Sinical Propor- 
tion; and this Natural Radius is thus found: 


METHOD the Firf. 


Take the Angle whoſe oppoſite Side is either given or 
ſought, and divide four times the Square of its Comple- 
ment to go Degrees by 300 added to three times the 
ſaid Complement, and then the Quotient added to the 
ſaid Angle is the Natural Radius required; and this Rule 
is univerſally true in all Angles from © to go. 


METHOD the Second. 


But becauſe in Angles under 45, the Complements 
gre above 45, and their Squares amount to greater Num- 
bers than the Squares of the Complements of the Angles 
aboye 45 ; therefore to render the Work as eaſy, and 
the Contrivance as uſeful as poſſible, I ſhall ſhew ano- 
ther Way to find the Natural Radius for all Angles un- 
der 45, and the Rule is, 

Divide three times the Square of the Angle (whoſe 
oppoſite Side is given or ſought) by ro00, the Quotient 
added to 57 : 3, that is 57;;) the Sum is the Natural 
Radius required. 

This being premiſed, the Rules are theſe, 


RULE the Fi. In Right-angled Triangles. 
An Angle and a Side given, to find another Side. 


The Natural Radius bears always the ſame Proportion 
to the Hypotenuſe that the Angle (by which the Natu- 
ral Radius was found) bears to its oppoſite Side. 
Therefore if the Angles and Hypotenuſe be given, it 
s; As Natural Radius to Hypotenuſe, ſo the Angle 
to its oppoſite Side. But if the An-les and a Leg be 
even, then it is, As the Angle to its oppoſite Side, ſo 
Natural Radius to the Hypotenuſs. 


RULE 
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RULE the Second. In Right-anzled Triangles. 
: 
Two Sides given, to ind a Third. 
The Hypotenuſe is equal in Power to the tas Less. 
that is, the Square of the Hypotenuſe is equi to the 


Square of both Legs added together; of which fc: more 
in Plain Sailing Arithmetical. 


RULE the Third. In Right-angled T rimgles, 
Th: Hypoteruſe ard a Leg given, ts find the other Les. 
Multiply the Sum of the Hypotenuſe, and given Les, 
by their Difference: The Square Root of the Product u 
the other Leg required. 
RULE the Fourth. In Right. angled Triangle. 
Three Fides given, to find an Angle. 


Add half the longer Leg to the Hypotenuſe: Then, 
As that Sum to 86, ſo the ſhorter Leg to its oppoſite 
Angle. 


RULE tbe Fifth. In Oblique Triangles. 
Three Sides given, to find where the Perpendicular muſt fall 
Multiply the Sum of the two ſhorteſt Sides by their 


Difference, and divide the Product by the third Side, 
which is the greateſt, and upon which the Perpendicular 


is to fall: The Quotient added to the greateſt Side, or 


ſubtracted from it, ſhall be double the greater or leſſer 
Segment, on each Side of the Perpendicular. 
— 


Auct her May. 


Add the Squares ©: the biggeſt and leaſt Sides toge- 
cher, and from their Sum ſubtract the Square of the 


middle 


2 95 22e 
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middlemoſt ; Halt the Remainder, divide by the bigocf 

ingles. Side, the Quotient is the leſſer Scg rent, which ſubtracted 
from the whole Bale, leaves the bigger Segment. 

See another Way in Axiom IV, of Plain Trigonimctiy, 


3 Legs; a 
- the bo 3 
-- More 
0 2-0 To IL 
2les. . 1 
Plain Sailing by a new Method. 

Leg. 

1 Shall now proceed to ſome Examples in Right- angled 
n Leg, Triangles, applied to Plain Sailing ; and here note, 


oduct u That to avoid Fractions, I ſhall propoſe the given Angle 
always in whole Degrees, that being ſufficiently exact 
in all Uſes in Navigation; yea, and a far more exact 
Way, than reckoning by Points, Half Points, or Quar- 
ter Points; one Degree being a much ſmaller Part of 
a Great Circle than a Quarter Point of the Compaſs. 
And I ſhall! make uſe of Degrees rather than Quarter 
Then, Points, not only for its Exactneſs, but alſo becauſe it :s 
ppoſite | 2 Method much in Uſe aboard of the Men of War, to 

reckon the Courſe in Degrees, and not in Points and 
Quarter Points. 


* 


CAS E I. Conrſe and Diſtance gigen, to fin! the Di, 
f fall |} Ference of Latitude and Departvrc. 
y their Note, I ſhall in every Cafe hereof propoſe the me 
| Side, Queſtions that are inſerted in the ſecond Example sr 
liculaa] each Cale of Plain Sailing Trinonometri: al. 
de, or A Ship fails South 25 Degrees, Katicriy g9 Nies; 1 
 lefler | demand,as above. 
f the ] 7 bg 


niddle 


0 
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The Operation at large. 


C 
2 Note, Where both Legs are required, chouſe alway 
ja to find the leſſer firſt ; becauſe the Natural Radius is more 
eaſily found, and then find the longer Leg by Rule th; 
Third. | of 
on 
For the Departure. The Rule I. n 
l the 
The Angle — —25 As Natural Rad. 59.2. R. 
Multiplied by it ſelf— 25 to the Diſtance 96: 80 un 
the leſſer Angle 25, to its 
125 ſoppoſite Side the Depar. 
{ go |ture. | 
3 
Square of the Angle 5625 17 
Multiplied by — 3] 95 $396 )24000( 46+ _ 
— 25 320 
The Product 1875 — — — | be 
1875 divided bytooo is 1.875 480 320 oh 
To which add 57.3 [102 Neareſt which 40 
— 1 the Departure 
Sum is Natural Rad. 59. 1762400 req. 4 
Or rather briefer — 59. 2 | ſo i 
Which is exact enough. | _ 
Then for the Difference of Longitude by Rule III. 
Hypotenuſe or Diſtance 96.0 $20 | 
The Dep. in Decimals—40.5 7575087 The 
Their Sum 136.8 — Latit. 
Their DifferenCemm—_—. 167)1175 i 
a —— 1 109 2 4 
6825 (6) 
6825 
6825 5 


The Product. 7575.75 
The Depart. is 40; (or in Decimale 40. f). The Diff 
CASE 


of Lat, $7. 


ff. of 


atit. 


Diff. 
\SE 


* 


CASE II. Courſe an Difference of Latitude given, #9 
; find the rofl. | 


A Ship ſails North 38 Degrees Weft, her Difference 
of Latitude 120 her Diſtance and Departure is re- 
quired. | es: 
ere the Side oppoſite to the bigger Angle is given, 
thereſore we mult make Uſe of Method 1, to find Natural 
Ra aus, becauſe Method 11 ſerves only to Degrces 


2 38 414) 5776013117. Becauſe the Fraction 

133 1636 is ſo great, I ſhall call 
— oth 394 the Quotient 14, Which 
12 $00 added to the bigger An- 
—— gle 52, the Sum 66 is 
i T SE the Natural Radius. 
$779 


Then by Rule I. 


As 52, the greater Angle to 120 its oppoſite Side: 
ſo is Natural Radius, 66, to the Diſtance required. 


Then for Departure, by Rule III. 
120, Diſtance 152 3 


66 Diff. Lat. 120 8704093 Departure 
720 Sum 272 81 
720 [Difference 32 183 )604 


| 


— 


7920 544 549 
| : 816 357 
52/7929, 132 product 870 
272 
7.x | 
—— 


The Diſtance 152. The Departure 92. 
L CASE 
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CASE III. Courſe and Departure given, to fend D. 
fiance, and Difference of Latitude. 


A Ship ſails North 19 Degrees Eaſterly, her Depa. 
ture 72 Miles; I demand as above. 

Here the ſhorter Leg is given, therefore I ſhall $1; 
the Natural Radius by Methed II. 


„ Three times the Square of the given Angle 5 
is 1083, this divided by 1000, which is done by | 
cutting off three Figures to the right Hand, — 
the Quotient is 1.083; which becauſe the ſe- 171 
cond Figure in the Fraction is above 5, I add one 19 
to the firit Figure, which is a Cypher, and then — 
call the Quotient 1.1, which added to 57.3, the 36% 
Sum 58.4 is the Natura] Radius required. 


JS WY 


; 


Then for the Diſtance, by Rule J. 1.08; 


As the Angle 19, to its oppoſite Side 72: So Natural 
Radius 58.4, to the Diſtance. 


58.4 19742040221 The Di. 
72 | 40 ſtance re. 
© 1168 24 quired. 
4088 | 
42048 5 


Then find Difference of Latitude by Rule III. 


Diſtance kx 221 b 
Departure 72 43057; 209 
Sun —_——c 4 0 
Difference <-—_——_—— 140 40,03057 
2637 409) 3204 
1172 (393) 


293 The Root 208, but th: 


43657 Fraction being ſo large, | 
rather call it 20g, the Dif- 
terence of Lat, required. 

CASE 


Ch. 6, 


nd Di. 


Natura] 


he Di. 
e re. 
d. 


ut the 
rge, | 
e Dit- 
d. 
ASE 
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CASE IV. Diftance an Difference of Latitude given, 
to find Courſe and Departure. 


A Ship ſails between the North and Exit 119 Miles, 
ber Difference of Latitude 102 Miles; I demand her 
Courſe and Departure. 


For the Departure, by Rule III. 


DillanCeo— -[17 3 
Diff. of Lat. 103 2080/55 
1325 25 
Difference — 14 1050580 
880 925 


220 (55) 
Product 3080 The Departure 331. 


Then for the Courſe, by Rule IV. 


Hypotenuſe or Diſtance 117 
Half the longeſt Leg—— 51.5 


Sum —— — 108.5 


As 168.5, to 86: So ſhorteſt Leg, or Departure, 55 5, 
to its oppoſite Angle, the Courſe. 


$545 169.5 /}4773-0( 22 The Courſe 28 8 De. 
8.0 1403.0 grees, which is almoſt + 
333-0 530 ig. 28 Degrees, 19 Mi- 
4440 nutes, | 
47730 . 


| — — Lend 2 8 
— m = 
* Py 
1 


2 * 

Wo 
1 
1 
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CASE V. D:fance and D:partur: 


r A. 


Ten, to find th 


A Ship fails in the South Weſt Qu: 
her Departure 05 Miles; I demand her 
terence of Latitude. | 


2 4 Miles, 
e Zn Lu. 


Fer th: Difference of Latitude, by Rule III. 


Jjiſtance 


12 "Ir 
Departure 25 6351079 
Sum 219 49 
Ditterence 2 140077451 

1971 1341 
438 e 
Product 351 


Remainder 110 is more than the Root) the Difference of 
Latitude required. 


Then for the Courſe, by Rule IV. 


Hypotenuſe or Diſtance———— 124 124 

Longeſt Leg, which here is Dep. 05 its half 47.5 
Sum I71.5 

As 171.5, to 86 : So the ſhorter Les (which here 


is the Difference of Latitude) 80, to its oppoſite Angle, 
the Complement of the Courſe, 


85 I71.5 )0880.0/40 Degrees 
80 0200 8 
6880 20. 


The Complement of the Courſe is 40 Degrees, and con- 


fequently the Courſe is 30 Degrees, from the South Weft 
erly, and the Difference of Latitude is 80 Miles fere. 


CASE 


Ch. 6 


"ud th CASE VI. Dif-rence of Latitude and Departure pi. 
ven, to find the Courſe and Diftancr. 

Ii! . . , T . . 
Miles A Ship fails in the North Weſt Quarter, till her 7. 
nd Uu. ference of Latitude be 220 Miles, and her Departure 10% , 

demand the rett. 
For the Diffance, by Fule II. 
229 108 Square of Diff. Lat 484-0 
220 108 Square of Departure 11064 
440 804 : R 4 
12 1080 Sum ol the Squares 60064247 
28400 11004 3 4 
| 447200 
Thea /or the Courſe, by Rule IV. 176 
4 4882404 
[fe the 2 — 
ce -of As 255, to 85 ; So 108 to the An- 2425 
„cot the Courſe, (29 / 
rc8 355 9288026 The Diſtance 
90 21688. is 245, and the 
4 7455 58 Courſe 26 De- 
7.8 9294 grees, or 264 om, 
1 OS -: or N. N. W. ſome- 
ö a * 44. 
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what more the: 
Welt. | 
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. 
Clligque Triangles, by a New Method. 


He ts ſolve all the Caſes in Oblique Plain Triangles, ty 
this New Method, without any Canon, Book, Irfirumen, 
&c, 


N the Solution of ObBligue Friangles, by this New 

Method, it is neceilary that they be firſt divide] 
into two ri-ht-angled Triangles, by a Perpendicular let 
1411, in which obſerve : 

{et it fall from the End of a given Side, and oppe. 
ſte to the given Angle” 

By this Means, the Perpendicular will ſometime: 
fall within, and ſometimes without; when it fails with. 
in, it falls upon ſome intermediate Part of the Baſe, or 
longeſt Side; but when it falls without, it falls upon one 
of the ſhorteſt Sides continued; in either Caſe, there 
is two right-angled Triangles produced, and then the 
Anzles or Sides ſought are found as if chey were Parts 
of a right-angled Triangle. 


CASEL 


C The Angle at A 30.0 | 
Given ' The Angle at B 45.0 > Required the Side AC. 
C The Side BC 290 


Here the Perpendicular falls from the end of the Gi- 
ven Side BC, and oppoſite to the Given 

Fig. 48. Angie at B; then 1n the Triangle B DC 
is given the Angle ar B, and the Side 

BCE, £ id the Side C, which being found, 
there is given in the Triangle 40 ,, the Angle at 
A, and the Side DC, to find 40, the Side Required. 
I ſhall 


de 
1 
fand 
re pe 
01 
there 
ang! 


. by 


Nen , 


New 


vide] 
Ir let 


DP Pe- 


time: 
with. 
e, Or 
1 one 
there 
| the 
"arts 


AC. 


Gi 
lven 
DC 
Side 
und, 
e at 
ired. 
Mal! 


de T. 3 Oblique Sailing, New Method 151 


[ ſhall not trouble the Book with the Operation for 
ending Notural Radius, it having been often enough 
repeated in the former Part; but benz ſo.ind by Ne- 
% 1, the Natural Radius for tne Anale 4; is 64.62 ; 
therelore, AS 63 62. to Sule CE, 290; So _ the 


+59 


angle at B, to Side oppSlite C D. 


45 63.6201 3050. 0 The Side OD 200, 


290 326.00 
405⁰ 3 
600 

"13950 


Now in the Triangle ADC. is given the 
A 304 On, and the Side DC 2085, T0 ind . 

The Natural Radius found by Meib44 IT, tor the An- 
gle 30 is GO. T keretore, 

As the Angle at 4 3o, to Side oppoſite DC, 205; : 


50 Go to the Hypotenuſe AC Required. 


Angle ar 


205 300123000 410. The Side AC Required. 
60 3. 
12300 0 
CASE II. 


The ide AB 560 
Given The Side AC 410 >Required the Angle at C. 
(be Angle B 45.0 


Here the Perpendicular falls witho: , upcn the Side 
BC continued, and in the Triangle BD) -4 there 
is given the Angle at B 45, and the Hypote- Fig. 49. 
nuſe AB 500, to find 4/7), which being found 
you have given in the Triangle CA, the Hypotenuſe 
C4, and the Leg AD, to find the Log CD, and the 
Angle DAC, and by Subtraction, the Angle CA, and 
the Angle BCA, in their proper Caſe ot right- anzled 
Triangles. 


L 4 The 


152 Clique Sailing Ly a New Method. Chi. b. 
The Operation. 


The Natural Radius for the given Angle 45, i; 
G3.62, as found by Met hd 1: Therefore, as 63. C2 to the 
Hypotenuſe 300; So the Angle at B 45, to Side oppo. 
lite AJ). | 


550 63.6225 200. oo 596 the Side 4D, 
45 6114.0 
2800 388.20 
2240 ye 0.48 
25200 


Then you have AD 596, anl 40 


\ 410, to find CD 
by Rule III, thus: 


Side 40 410 93 
Side AC 396 _ 11284 )106, the Leg CD. 
Sum 806 I 
Difference— 14 20/012 
3224 OO 
$05 2067284 
product 71:84 1236 
(48) 


Then ſor the Angle C AD, by Rule IV- 


Hypotenuſe AC— 410 As G08 to 86, ſo 106 ta the 
Half the Les AD 108 Angle CAD. 


Sum —— 608 106 6o8 ) or 10601481 
86 3036 
030 9 
848 
1 


The Angle CAD is 14185: or rather 1g Degrees; 
which ſubtracted from go, leaves 40 D, 75 Degrees; 
and that ſubtracted from 180, leaves 105 Degrees, the 
Angle 4 C required. 


CASE 


CD 


CD. 


the 
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CASE III. Given as in Cafe II, to find the Third 
Side BC. 


In the whoie Triangle BD A, you have given the 
angle 1B D 425, and the Hypotenuſe B 4 500; alſo 
by Conſequence, the Angle BAD, which is allo 42, 
to bnd the whole tice B ; but in this Caſe the acyl: 
angles being equal, Ig. 435 Degrees, the Les BD is 
equal to AD, vg. 390; then having found CD 156, 
by the ſecond Operation in Caſe 11, ſubtract it tr5:; 
the whole Side 5 D 395, the Remainder 20, is Lat 
Side B C required. | 


C A 8 L. . 


CG be Lie A 8 41 2 5 
Ciren „be Side A B 5% ;- Required the no et B. 
( 7 he Angle at \ 30.00 


In the Triangle 4E C, is given the Angle at 4 zo, 
2nd the Hypotenuſe AC 40, to find C, 
which by the firſt Caſe hereot is ſound to he 72.80. 
225, and theretore I nced not repeat the Ope— 
zation. Then in the ſame Triangle 402, there 
£iren the Sides AC 41, and CE 205, to find the 
dide A E by Nule III. 


62 


— 410 1200750235, the leg F 
CE — 205 0 
Sum — 675 65360 
Difference 205 325 
3075 705.3575 
22 3525 
Product 20075 53 


The Leg AF 355 ſubtracted fromm the whole Se 
43 500, reſt EB 205 ; then in tue Trmzie B 7: Ip 


:0u have given B E 203, and EC 20;, to find CB ty 
erer 


* WK 


i 
D. 4 
= 


1. 

3 5 
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Fu Je IT, and the Angle B by Rate IV, but in this Cife, 
EC and EB being equal, the Angle at Bis proved 45 
Legrees, v ithout Calculation. 


CASE V. 


A 


Given as in Caſe IV, to fin the third Side, BC. 
4 


Although this is the Fifth Ca/e in the Trigonometrical 
Qperation, yet the Side B7 1s neceſſarily found in 
Caſe IV, before the Angle at B can be found; and 
thereiore, althno' the Opcration in Co/e IV be ſome. 


wint retlions, yet both the Fourth and Fiith Cs, are 


„ 5 
* Je Il] ils 


CASE VI 
—— 5600 

Dien AC -412 Required be Ae at A. 
5 C 2905 


Find A by the Rule laid down in Axiom IV of 


Plots Triaucles. As the Baſe 4B 560, to the 
Fre. 31. Sum ot the other two Sides, 700: So the Diffe- 

Tence of the ſaid Sides 120, to the Difference 
o: the Segments of the Baſe AD 150, as by the Opera- 
tion beiow. 


120 56.008 400.00 150 To the half Diff. 75 add 
700 280 the half Baſe 280, the Sum 


— — —— — 


84000 * 000 355 is the greater Baſe AE; 


but ſubtracted, the Diffe- 
rence is the lefler Baſe EB 205. 


Then in the Triangle AFC, there is given AC 410, 


2» AR 355, to ſind CE by Rule III, and the Angle at 
by Rule IV. 


The 


Cel? 


28 


Prod 


at / 


Ch. 6. 
Cie, 


rica: 
d in 

and 
ſome. 
z are 


at A. 


V 'of 
o the 
Diffe- 
"ence 


pera- 


add 


Sum 


„ 


iffe· 


410, 
93 


The 


gect. 3. Oblique _ by a New Method. 155 


420757208 


The Side AC 


410 
The Side At 8 | 405 02075 
Their Sum — 65 2025 
Their Difference —3 5 50 
5 > F The ſquare Root oft 
S i... 0 42075, 1g. 205 is the 
Prolut——— 4207; Side CF required. 


Then, by Rule IV, fnd the Angles at 4. 


Hypotenuſe 410 
Halt the longeit Les 177.8 
Their Sum 587.5 


As 587.5, to 860: S0 CE 205, to the Angle oppo fte 
at A 30. 


205 $87.5 /17030.2{30 The Angle at. 
86 e 5 * 
71230 e 
1640 
17630 


Although this Method be rot altogether ſo ended 
tious for oblique T riangles, as the Calculation by Lo- 
garithms, becauſe yo? are obliged to divide every oblique 
Triangle into tuo richt-angled ones, which ſometimes 
requires two Operations; yet I thought fit to inſert it to 
make the Method complear, it being ot great Uſe when 
Tables are wanting, and of fuiicient Exactneſs for mall 
Uſes in Navigation; but the right anzled Caſes, as per. 
torm'd hereby, I ſhall recommend to the Reader, as + 
Thing very uſeful, ſufficiently cart, and as expeilitious 
5 any Method commonly in Lie. 


[ 156 ] 


err. 4 


How to find the Difference of Longitude, aud 
keep a Reckoring both in Latitude and Longi- 
tnde, by this New Method of Tiigonometyy, 
(as apflied to Navigation) without the [telp 
of any Tables or Injtrimeit s hntſvever, ac- 
cording {0 Middle Latiinae, which is of jtiff- 
cient {-xaftie(s for the Ii orking ſo ſhort 4 
Diſtance as a Day's Ran, and conſequent! 
great Uſe ia Navigation. 


O U may remember, that in Mit//e Latitude Fail. 

ing Trigonometrical, there is a Proportion for find. 
ing the Difference of Longitude; which is, As Sine 
Complement of Midde Latitude, is to the Departure; 
So is Radius to the Difference of Longitude. And 
therefore, in Middle Latitude Sailing Geometrical, one 
Way which I have propoſed for projecting Middle La. 
titude Sailing, is by conſtituting a right-angled plain 
Triangle, whoſe Angle at the Baſe is equal to the Com- 
plement of Middle Latitude, and the Perpendicular is 
equal to the Departure: And then by that known Pro- 
portion of Oppoſite Sides, Oppoſite Angles, it will 
neceffarily follow, that the Hypotenuſe muſt needs re- 
preſent the Difference of Longitude; which being 
granted, there is no more to do for finding the Diffe- 
reice of Longitude, but only the Solution of the ſaid 
right-angled Triangle ; of the ſeveral Varieties of which 
you have had ſiffcient Inſtances in the ſix Caſes 01 
Plain Sailing before going, where any two Parts being 
ziven, the other two are eaſily found. Neverthcic'., 
that nothing may be wanting for the Reader's Inſtruction, 
{ ſhall inſtance in one Queſtion for Example's fake, 


winch | ſhall firſt work by this New Method, and then 


Fg $a by 


: gect. 


i 


by th 


YEnc 


T 
{tion 
New 
Ope! 
and 

foun 
ther 
com 
titu⸗ 
in ( 
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by tne Method 


propoſed in Mille Latiiule Sailing Tri- 


nmm'trical; and laſtly, ſhall work the ſame by Ver. 
(ator, to let the Reader ſee the Sumciency and Exactneſs 
of this new and uſeful Invention. 


D 10. 


A Ship in Latitude e687 om North, fails 
south 25 Degrees, Eaſterly 90 Miles; 1 dem-n0d the 
Latitude come to, and allo her Departure and Ditie- 
rence of Longitude. 


The Courſe and Diſtauce is the ſame as in the 


ſtion in Caſe I or Plain Smiling, 


Ue- 


as perform'd by this 


New Method, and theretore 1 ſhail reter' you to the 
Operation there for finding the Difference of Latitude 
and Departure. The Difference of Latitude being there 
found to be 87, and the Departure 49', or 40.5, and 


theretore Tthe Courſe being 


Southerly) 


the Latitude 


come to is 564 33m, and conſequently the Niiddle La- 
titule, found by the Direction and Caution laid down 
in Caſo 1 of Middle Latitude Sailing Trigenom-trical is 
57/ 17m, and the Complement of Middle Latitude is 
From hence, by the ſore-going 
Directions, is conſtituted the Triangle 4 B C 
wherein the Angle at A is equal to the 
Complement of Middle Latitude $324 43m; 
the Side oppoſite BC, is equal to the Departure 40.5; 
both which are given to find the Hypotenuſe 4 C, equal 


22 


to the Difference of Longitude required; and here the 


43m. 


Fig. 52. 


and 


Side oppoſite to the leſſer Angle being given, I ſhall find 


Natural Radius by Method II. 
although in 


Ship's Way; 


ueſtions of Plain Sailing, you 
regard Minntes in the Angle of the Courſe, becaite 
whole Degrees are exact enough to keep Account of 4 


necd 


And here obſerve, that 


NO 


yet in this Caſe you muſt not omit the 


odd Minutes in the Angle; and therefore reduce the 
odd Minutes to tenths oft a Degree, accounting 6 Aj1- 
nutes for one Tenth of a Degree, and 12 for twn 
Tenths, Sc. And then 42 Minutes is 7 Tenths; and 
this Angle being 324 43m, I ſhall call it 32.7, vis. 32 
and 7 Tenths, it being but one Minute more, which 
cannot cauſe any great E 


rror in the Operation. 


Fur 
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For finding Natural Radius, by Method II. 


22.7 | Then, becauſe the Hypote. 
32.) nuſe is required, the Propor. 
228.9 tion 1s, | 
65 4 As the Angle 32.7 is to its 

981 oppoſite Side 49.5 : So is Na. 
Sa. of the Angle 1069.29 tural Radius Co.5, to the Hy. 
Mult. by — 5 potenuſe. 


The Product — $207.87 


The Angle 
Kilt. by its felt 


— 


60.5 327 245027411 


Divided by 1000, . 1612 


Product is 3.207, but 2 394 
it is exact enough * 

call it 3.2, which add- 2359.25 

ed to 57.3, the Sum is 

Go 5, the Natural Ra-! The Product of the Multipli. 

dius required. cation is but 2450, the other- 

two Figures being but a Deci. 
mal Fraction, are to he cat off; but becauſe the Divi. 
ſor 32.7. is a Decimal, I add one Figure to the Div.. 
dend, as you ſee in the Operation above. 

The Difference of Longitude is 741, which withont 
exactly regarding the Fraction, may be ſet down 75: 
And this Operation may be performed with great Eaſe 
and Readineſs, with a little Practice, although I have 
here ſet it down in Words at large, to make it more 


intellizible. 


The ſame Queſtion auſ wer'd by Middle Latitude 


Sailing 1rigonometrical. 


EW Difference of Latitude and Departure, and 
> conſequently the Lat, come to, with Middle Lat. 
and Complement ot Middle Lat. as in Caſe I of Middle 
Latitade Sailin; Trigenometrical, Which will be found to 
de as above expreſſed. 


of b 


t ipli. 
ther- 
Jeci- 
Jivi— 
Divi. 


hont 

75 
Eaſe 
have 
nore 


Alle 


and 
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Then for the Difference 0 f Toncitudle 
mM 


As Sine Comp. Midd. Lat. ——32 43 —— 73278 
Is to the Departure — 4. 1 60745 
Se is Radius 0) 00 —◻.- i do. ooo oO 
To the Diff. of Longitude 7 4.0 — 1.87357 


The foregoing Rueſiron anſer'd by Mercator's 
Sailing. 


Ee? Difference of Latitude, and conſequently the 
Lat. come to, as in Mercator's Sailing Trigcnometri- 
cal, and you will find the Latitude come to is 554 33m, 
and the Departure 40; or 40.5. 


Latitude ſail'd from 584 oom 13 
Latitude come to —56 33 N Nerd. Parts 7 p00 
Meridional Difference of Latitude — 161 
| Then, Co. Ar. 
As proper Difference of Latitude $7 —— 8.00048 
To Merid. Diff. of Latitude- mat BY. moos. 
So is the Departure — ä — 1.00745 


To the Difference of Longitude 


74.9— 1.87475 


- 


And thus you ſee the exact Agreement of this with 
the true Operation, as performed by Mercator's Sailing ; 
it not differing from it ſo much as one Quarter of a 
Minute in Longitude, in ſo great a Dittance as 123 
Miles, and in a Latitude fo near the Pole as 58 Degrees, 
where there is much more danger of contracting an 
Error than in leſſer Latitudes, or Voyages nearer the 
Equinoctial. 
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HAT. 


Practical Navigation. 


O R, 


The Application of the foregoing Rules to tle 


actual keeping of a Reckoning, according to 
the ſeveral Kinds of Navigation. 


HERE are four Things very neceſſary to be known 

by all that taxe upon them the Charge of Condud. 
viz a Ship from one Part of the World to another, 
wich may properly be called the Practical Part of Ns. 
vigation. 

The firſt is a right Underſtanding of the Compaſ, 
with the Variation thereof, in order to the true K nos. 
ledge of the Courie made good. 

The ſecond is the Log-line and Half-minute Glaſs, 
that the Knots on the Log-line he a due Length, and 
that the Glaſs be a juſt Half- Minute, that thereby you 
may as near as poſſible find the true Diſtance. 

The third is the right Manner of taking and work. 
ing an Obſeryation by the Sun by Day, or by the Stars 
by Night, thereby to find the true Latitude, and to 
correct the Dead Reckoning,” it there have been any Er- 
ror contracted either in the Courſe or Diſtance. 

And fourthly, having by theſe Means and Helps 


finiſh'd your Reckoning, and being come near the de- 
* fired Port, it is alſo neceſſary, that there be a right 


Underſtanding of the Tides, which Way the Ebbs and 
Floods ſets, and what Moon makes full Sea upon any 
Coaſt, that ſo it may be known how long to ride at 

Anchor, 


J 


alm 
100 
Ob 
Va 
Alt. 
bet 


Soft 1. o ihe Variation of the Compaſs. 151 
Vid hor, or lie by to wait the Lise, if you know _yo1 
be 190 Fg O11; CT what Sail to maxe to ſive your Tide, 
r von fear being too late: And thete four Thing $ 1 
wall handle in this Part, and that in ſuch a Manner, as 
my be intelligible to the meaneſt . and molt 
G14} as Kell as moſt Eaſy to be put in Practice at Sea. 


8 E C To I. 
Of the Variation of the C am. 


THE Way commonly taught for finda; the Vari- 

ation of the Compatis, is by the Sun's Azimuth, or 
Amflitnde: but theſe Ways not being attaina le 
any but them that have learned ſomething of Aſtronomy; 
and being alſo treated of in other Books, I all not 
trouble the Learner with them, but proceed to a fer 
talker Way, which 1s this: 

When you are at Sea, and deſire to know the Warla- 
tion of the Compaſs, take your Quadran: ahoat $, « 9, 
or 15 a- Clock, when you ſuppoſe the San is near abo 
half up from the Horizon to the Meridiar, and take an 
Obſervat on. of che Sun's Altita/e, as 5 would do at 
Noon, to find the Latitade of the Flac w e, being 
done lay by your Quadrant lettinz th nes remain 
unremoved) aud by your Azimuth Co: "aſh (17 YOU 
have one aboard) ſet the San, and mind what Point 
of the Compaſs the Sun is upon at that Ob>%rration. 
This done, wait till tne A pn, that the Sun grows 
almoſt as low as he was when you obierved in the Fore. 
noon, and then with our Vanes uxd as in the fir 
Obteryvation, obtrve til! the” Sun be fo low 28 tha it the 
Vanes ſo fixed will ju take the Sun's Altitude without 


— 
wn * 
7 


altering them; which done, obſerve e (as 


* as i. 
(> — 
42 


—— 


ho 


before) upon What Point o: the Compaſs the Sun is at 
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that Obſervation: Then the Space between that Pos 
which the Sun was upon at the firit Obſervation, a: 
that Point upon which the Sun was at the laſt O!f.. 
vation, divided into two equal Parts, the Middle 
the true South Point of the Compaſs, and the Diſtan. 
berween that and the South Point of the Card, is g. 
Variation required. 


Example. 


Suppoſe at the Forenoon Obſervation IT find the $; 
by the Compaſs to be South-Eaſt (it matters not wh- 
his Altitude be, ſo you mind what it be, or elſe, let th; 
Vanes ſtand unremoved till the Afternoon) and fu. 
poſe in the Afternoon TI find, when the Sun hath tie 
ſame Altitude, that he bears Weſt South Weit; no 
the D fiance between South Eaſt and Weſt South We. 
is ten Points, the Halt of that is five Points, which 
reckoned from South Eaſt towards the Weſt Sou 
Welt, it falls upon the South and by Weſt ; therefor; 
JT cenciude that the South and by Weſt Point of th: 
Compaſs points to the true South Point, and the I). 
ſtance hetween the South and by Weſt Point (whit 
is the true South) and the South Point of the Compal; 
(which ve may call falſe South, or magnetical South! 
is the Variation of the Compaſs; and becauſe th 
magnetical South is Eaſtwards from the true South, 
therefore the magnetical North is Weſtward from the 
true North. Hence I conclude, that the Variation i 
one Point Weſterly, Cc. | 

In this Caſe there is only this Caution to be obſerv', 
rg. that this Obſervation not made when the Ship 
is running very faſt Northwards or Southwards, which 
may make ſome ſmall Error, though ſcarce diſcernible; 
for it the Ship ſtood ſtill, the Sun would have exattly 
the ſame Altitude at 8, 9, 1o, in the Forenoon, that 
it would have at 2, 3, 4, in the Afternoon; but if the 
Ship ſails very faſt co the Southward in North Latitude, 
or to the Northward in South Latitude, ſhe raiſeth the 
Sun a little, and by Conſequence the Sun will be ſome- 
what higher at 4 in the Afternoon than 8 in the Morn- 
ily 


il 
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ine, and may cauſe ſome Error, hut it is little, and 2 
Thun that feldom happens: And it it do happen that 
Courſe be North or South, and the Wind fo tair, 
don may refer your Obſervarion till another Day, (It 
being not neceilary to tet the Variation every Day) and 
thereby the Error may be avoided, and yet the Varia- 
tion exactly found as often as 1s neceſſary. 

M\gtz, 1 ſhall thew how to find the Variation by 
the Son's Azinvith and Amplitude hereafter in the Altro— 


11 w 


\ * 
\ Jus 


, 
1 


nomical Part. 


Scr. Ih 


Ihe to divide the Log-line, aud try a Halſ- 
 Alinute Glaſs. 


HEY that take upon them to be Maſter, Mate, or 

Pilot of a Ship, and would be very exact and ic- 
curate in the keepinz a Reckoning or Account of the 
Ship's Way, ought to take care betore they go from 
the Shore, to be furniſhed with all Things necefary 
for that Purpoſe: For the beſt of Scholars, the great. 
eſt Artiſts, the moſt profound Mathematicians, or the 
moſt experienced Navigators, may be deceived, and 
carried into groſs Errors, by a Defect in their Inſtru- 
ments, or Means for keeping a Reckoning, as well as 
the more iznorant may be by a Defect in their Know- 
ledge; and fo fawas they deſign that their Account ſhall 
depend upon their dead Reckoning, they ought chiefly 
to be careful in theſe two Things. 

Firſt, The Half-Minute Glaſs, that it be of a due 
Length; for if it be longer than it ſhould be, it makes 
the Ship by Eftimation to run ſo much more than in- 
deed ſhe does, and by that Means, perhans, in a Month 
or 6 Weeks Sailing, Jou will expert to arrive at your 
Port, or make ſuch or ſuch Land, when indeed you are 
50, 60, or 80 I <agues, or more or leſs ſhort of it, ac- 
cording as the Error of your Glaſs is more or leſs. And 
althov;zh it is hard to know a true Half-Minete Slaſe. 
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yet there ore thet two Ways to prove them, and no; 
whether th Y are "#65 ur wrone 

The firt. Way ia by un Leher iment mx ntioned by 
nr. Het billigt, in his rie ncemeni of the Art © Ke 
< i , and aifo gurted li Air Seller, in his raid? 
T. Hi, and tis this: Take a Bullet of any « 


L 
Pen We: ht, it matters Mg and make tat to. * 2 
Tic of ane t read, or Siik, of the quilt Length of 2% 
Inches; let there he a Nooſe on the End of * Thread, 
and let the very End of ths Novie be juit 38 Inches 
trom the Center of the Bullzt, (as I ſaid before) then 
hang It up by ths Nooſz 5 2 {mall Pin, where it 
m1y hang at Literty, and Fry freely, and fo give it 

Vay, a: a each Swing mall k a true Second of Time; 
that is, each Time that it = iſs by the Perpendiculat 
let fall trem the Pin on which it hangs, thail ve 2 
Iecond; and every Time of its Return to the Plat: 
u hee it firit begun its Motion, is two Seconds of Time, 
and a Glaſs that runs till the aid Bullet hath made 39 
Sueings ſhull be a true Halt Minute Glaſs. 

A Sccond Way (it it may properly be fo called) i 
by the Experience ot thoie that have hid Occaſton to 
uſe a Ginis in long Voyages; and having a Line right. 
ly divided, by a Glaſs of fo true 2 * th, that their 

dead Reckon! ig, Vhen carefally k "bath ag reed with 


ho Truth of their „ ind that their making 


of Land, Sc. hath fallen out according to Expectation, 
by the dead! teckoning; Þ lay ſuch a Glaſs, or anothe 
of the ſame Length, ought to be preferred betore auy 
other, as a true Hall. Minute 614ʃ35. 

A ſecond Thing neceſſary, in order to the Keep. 
ing of a true Reckoning, is to take care that the Log- 
Iine be. rightly divided; for although the Glaſs be true, 
yer it the Log-line be divided into Knots too long or 
too ſhort, it mutt needs make an Error in the Reckoning, 
according to the Proportion of the Error in Diviſions 
of the Line, it you work by.a true Halt-M'nate Glas. 
Indeed, if the Divifians of the Log-line be too ſhort, 
and the Glaſs alſo too ſhort, (or it both be too long, 
which 's the ſame) then the one Error helps to compen— 


ſate the other; but if the Faults in the Line and in the 
Gia! 


\ 
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<a . 12 | 45a * - TT , 
3 that is, the one too lone, and the 
* . -»+ 't * 1151 ins af 
1 0 I enen eie. 


! 15 a 7 * Ro 
Length ot eich Kizot on the 1. g- line, 07 


e divided, there are diuerent Opinion 

Authors and - Navizators: T6424 1; 

is 2:3 | I rata, and apparent to ail Viens Res. 

„ it 3 GG: that one Knot upon tue Log. line ſnonid de ta: 
32 t zoth bart oi a Mile; becauſe Hilf a Mint is tie 
Iread, 155th Fart ot an Hour; (or as tne Whelr to tre Wage, 
nches '9 i ait to the: Part, S. hüt tine Diticulty arcs 
then rom the dieren: Opinions, 25 to hon many Fest; 1 31 133 
ere It = There is in one Vo2res of 2 great Citcte upon tits 
ve I Firth. NIr. Oughtrel, in his Circics ot Froportwon, ll 
me; have 561 XNliles to ail er one Degree po! t E4trtity 
Cular exch Niiſe containing 3280 feet. Hence there k „ di: 
We 2 Account, 249800 Feet in one Degree ol a great Cirete 
Plau: don the Harth, and 5830 Feet in one Minde, or 05th 


ime, Part ot ſack àa Degree, and conſequently the 125th 
le 30 Part of a Mmute, or 1.cazgth ol ons l. not upon the 1.2; 
ine, mult be 48; 1 Feet. 

Eut Mir. Norten, i tis Seaman's I radtice, p. 42. (re. 
n to ating en Experiment ct "his t tor finding the Quantity of 
ight. one Degree of a great Circle upon he Earth) laith, that 
their one Degrer contains 3572009 of our Eri Feet to 2 
with Degree, which Account, without, any il. 
wie 51 Feet to one N not of tae Lop-line, althgunh, tor 
tion, | Reaſons there mentioned, he allows 1 Foot out of the 
"ther er, and 0 would have one le not ot the  og-linz to b. 
aur 2 39 Foot: ut buy far that Experiment oft his is to 

i depended upon, (conſtiering the Unevenne's of the 
eep- | Aron 14, and Crock eunctls. of the Ways. andi other In- 
| 09- enveniences, which he could only give Ai:owance: for 
rue, | ccording to his juizment) an! allo how tar tat one 
or Foot in 51 may compenſate the Way that 5 Lo: mixes 
ing, ter the Ship, 1 ſhall nor take upon me to deter:nine. 
ions a the mean time 1 fnall, with Submifſion to better 
laſs. judgments, rather aduere to the Way of d:vidinz the 
ort, I.og-line that is common! iy receive ed and vcd by mot 
"ng Mariners, I mean that of 42 F or 7 Fathom to on- 
en- not Now it will preſently be ovieRed, that accord- 
the g do that Hiviſion tor halt 2 Minute, multiplying tht 
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Of the Log- liue, Kc. Chap. 7 


by 120, for 1 Mile, and that Product by Go, for 1 


Degree, there is by conſequence but 302 400 Feet 
in a Degree, which ſeems to contradict, and intolerably 
to vary from the Opinions of the ingenious Mr. \eor:voog, 
and other experienced Men in that-kind. 

I anſwer it doth not contradict them, at leaf ſo nuch 
258 At firſt Appear ance it ſeems to do; for One g. rand 
Reaſon why I agree to theſe ſhorter Diviſions is, to give 
Allowance ſor the Way that the Log makes 
Ship; for although there b ſo much ray Line allow'd, 
as may be ſuppoſed to veer the Log moderately well out 
2 the Eddy ol the Ship's Wake, yet it cannot be up. 

ſed, but that ſtill the Jog mutt have ſome Way after 
— Ship. if but by the Weight of the Line, Which al. 
though but light, yet the Water being but a ſoft fluid 
Subſtance, the Log muſt needs have a Motion after the 
Ship, and eipecially ſailing large, and in a freſh Gale, 
it cannot be but that the Wind will have ſo much Effect 
upon the Log, and fo much of the ſuperficia] Part of 
the Water, as to ſhove it along after the Ship, and that, 
in my Opinion, much more than one Foot in * 

Indeed another Conſideration, which may be ac. 
counted a ſecond Reaſon why 1 do adhere to that Way 
of dividing the Line, is, becauſe if there is an Error. 
it is on the ſafer Side ; for although the Truth is bell, 
if it could be attain'd, yet if an Error muſt be, tis bet 
ter that the Reckoning be a-head ot the Ship, than 
that the Ship ſhould be a-head of the Reckoning ; and 
better to look out for Land before we come at it, than 
to be a-ſhoar before we expect it. 

But my third Reaſon is, the Confirmation of this 
my Opinion, by the daily Practice and Experience of 
if not moſt Mariners, who uſe this Way, and 
find the Succeſe to anſwer their Expectations, at leaf 

much nearer than 2 much Diviſion would do. 
Tis true, if the Generality of Glaſſes be ſo much too 
ſhort, as to counter vail thoſe too ſhurt Diviſions, (if 
they are too ſhort) it were to be wiſh'd, that the Er 


rors in one were e then the Faults in the 
other might be amende ut till then I ſhall recom- 


mend that Way ci allowing 42 Fest, or 7 Fathom, to 
O10 


ter the 
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ane Knot of the Loz-iine. Indeed if it be, as it is re- 


ported y ſome, that to make Amends tor the Short. 


neſs of the Knots, the Glaſſes are commonly made but 
27 Seconds; und it fo, then if the Glaſſes were rev. 
tated and increaſed from 27 Seconds to 30, the Knots, 
the ſame Proportion, ſhould be alſo increaſed from 
4 Feet to 40; Feet to one Knot, which ſeems more 
azrezalle to Realon, ant to Mr. Norwort's Obſcrva'- 


tion. >; - 
Nate, When you divide the Log-tine vou muſt allow 


12, 15, or 18 Fathom of Scray-line, 2ccordins to the 
Biznels of your Ship, accounted from the Jog, before 
VOU begin to iet out the Knots, and there put in a red 
or white Ras, and from thence ezin to divide the 
se int Knots. The Reaſon of the Stray line 18 th 
reer the Jog pretty well out ot the Ship's Wale, let 
the Eddy ſhould fuck the Log after the Ship, and de 
dive you in your Reckoning. 


— — 


: SECT. I 
How to mate a Plain Chu: !. 


THE Log-line being thus divided, and the Halt. 


1 Minute Glaſs examin'd and regulated, the next 


Thing is to make a Chart tor the Voyage intended, and 
of Charts there are ſeveral Sorts. 


The firſt is commonly called a Plain Chart, in which 
the Degrees of Longitude and Latitude arc every where 
equal, without any Reſpect to the Globularneis of the 
Earth, but rather ſuppoliag the Earth and Sea to be a 
plain Superficies ; and hence it is, that this Projection is 


talſe, except in Places under or near the Equinoctial. 


However, it being much in Uſe, I ſhall liy down the 


Projection of it as followeth. - 


It you would make a Plain Chart for all the Eurth 
and Sea, tis beit to do it upon two Sheets of Paper; 
one 


M 4 
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One Half upon en ach Sheet. Through the Nividle 07 
ach Shit, crois- ways, from the rizht Hand to tis 
left, draw the ſpotted Line AB, which divide into 
180 equal Parts, by any equal Parts of the Scale, az 
lan e e vour Faper will contain, which you may mare 
at every io Degrees with Fizu 18 29; 30; We. 
180, ne, at any place where you intend to 
reckon your Lonzitade ſrom, whici ſuppoſe let be 
Londru, lut your Chart begin at the Weſt or lett Hand, 
and ſo reckon Ealtwarcs, 2s in the following Example, 
wire the two Charts contain all the 360 Degrees of 
Long itade in Compaſs, and 05 Degrees of Latitude each 
Way from the Equin ol, Then from the Middle 0! 
- Chaz t, -5 2 Center, draw the 32 Points ot the Com. 

5 fs, 2 1 ſee done. Then {or inſerting any known 
Piace 5 he © hart, find by the Table of Latitude and 
Longitude of Places what Latitude and Longitude your 
Tlace hath, and place it in that Latitude and 

Jg. 5 3. Longitude in the Chart; as for Example, 
Suppoe I would inſert the Land's End of 
F.ns!end, and the W. End of Cyprus in the Straits and 
would find their Bearing and Diſtance; according to 
the Plain Chart, I find the Latitude of the Land's End 
ot Heslaud ein the Table is 49d 559m North, and Lon. 
Li. IX W. { reckon upon the Line 4B, which is 
ene Eoninoial, till | come at 5 Degrees, gig. 5 of the 
final) 1ivifions, and as near as I can compute, ſome. 
what leis thin 3 ef another imall Divifion, for the 
II Minxes, 2nd ſetting one Foot of the Compaſſes in 
that Mark, I tend the other to the next North and 
South I inc, an} running them up into Latitude 494 
gow, | Take the Mark © to repreſent the 

Hg. 33. Tigard; and Ly the Tame Method 1 find the 
Weit Fnd of (ypras, at the Mark , then the 

Diſtanve teiween theie two Marks taken in your Com- 
Pals, 2nd applied to the Equinoctial Line AB, accoant- 
ing every | egrec Go Miles, and every 10 Degrees 699 
Miles, gives the Liſtance berween the two Plzces, ac- 
cordine to the Plaig Chart; and then for the Courſe, 
obſerve what Line, or Pe.nt of the Compaſs, a Line 


ſuppoſe! 
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ſuppoſe J to be drawn between theſe two Places vnd 
be par. allel to, which in this Cafe F 71 ſee is: „E. 
and W. N. W. Lime, the neareſt Point repreſentin 
the Coarſe-required. 

In like manner you may inſert any other Place whole 
Latitude and Lonzituce is gicen; 45 for inſt ince, 1 
have inſerted the following Places, wich becaute the 
Draught is too mall to contain the Names at large, 1 
2ve repreſented them by the toilywins Letter ahateed 
to them. 


S. : 
— 
22 
— 


© the Lizard. 

A the Hand of Cyprus, n the S/r 275. 
a Marcs, an inn in tac 8r91.3, 

b Rorbaucs | 

C826. | 

Cape Hoary, in 1197117. 

e Eengall, inthe Fa- Jui. 

d Cape Buna E. crauga 

e the Naze of 2\owvoy. 


Theſe are ſuffcient to let the Learner fee how to ſt 
down the Places in a plain Chart. 
But ſuppoſe you ars to ſail from any one of theſe 
Places, or any other Place, to ſome other Port, it is 
be} to make a Chart for the particular Voyage, to con- 
tain only ſo much of the Earth and Sea as is contain'd 
between the two Places, or little more, and then you 
may make your Degrees of Latitude and Lon: nude 
larger, 28 in the follow! ing Example. 


A Ship ſets ſail from Flamboreugh Head, in Lat. 1 
om North, and Longitude od 10m W. intending for 
the Nage of Norway, in Lat. 580 oom, and Long. Cd 2m 
E; I deſire a Chart made for that Voyage. 


This Chart is made to contain from 54 to $58 of Lati- 

tude, and from 16 to 21 of Longitude; and 
then by the former Rules, the Point 4 repre- Tis. 34. 
ſents Flamborough Head, and the Point O upon 
the oppoſite Corner, is the Nage of Nrw! Then 
at 
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at Numbuorcug h- Head, the Place ſail'd from, as a Center 
T deſcribe a Quarter of a Compaſs, which in this Cai 
is always ſufticient, and thus is the Chart ready for the 
Voyage. 

As for ſettings off the Courſes and Diſtances, or Diffe, 
rence of Latitude and Departure, upon a Chart, com. 
monly call d, Pricking a Chart, I ſhall reter it till 1 
come to give lome Example oz keeping « Journal by the 
Log and Compa!:s. | 


Ihe to make a Mcrcata;'s Chart. 


Mercator's Chart appears ſomewhat like a Plain 

Chart, only with this Difference, that whereas, in 
a Plain Chart, the Degrees of Latitude and 1.ongitrde 
are every where equal, it is not jo in a Mercator'; 
Chart; for in it the Degrees of Latitude bear the ſame 
Proportion to the Degrees of Longitude, that they do | 
upon the Globe; and the Invention of this Chart s 
moſt properly owing to our worthy and ingenious Coun: 
try-man, Mr. Edwar! J rigbt, as may be ſeen in his Cor. 
rection of the Errors of, Navigation: However (I know 
not well for what Reaſon) unjuſtly aſcribed ro Mercator, 
New althouzh upon the Globe the Degrees of Latitude 
are every where equal, and the Degrees of t.ongitade 
grow leſs nearer the Poles; yet in this Chart it is not 
ſo, but the Meridians are Parallels, and every where 
equal, as in, a Plain Chart; but the Degrees of Lat, 
orow bigger near the Poles; ſo that in a Mercator or 
Jrigbt's Chart, there is always the ſame Proportion be- 
tween a Degree of Latitude, and a Degree of Longitu e, 
in any Parallel, as there is upon the Globe its felt, 
though the Diſtances are extravagantly diſtorted, eipr- 
clally near the Poles. 

For the Projection of this Chart, there are two Lines 
opon Gunter's Scale, commonly placed next the Bottom, 
on that S:de upon which the Logarithmical Numbers, 
Sines, and Tangents are; the loweſt of the two is # 
Scale of equal Parts, and the next to it is called- the 
Meridian Line, by the help of which, if you would 
raw a large Chart of all the World between $5 Degrees 
C: North Latitude, and 85 Degrees of South Latitude, 

vou 
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leben von fee how far the 180 Degrees f Long nu. 
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IDerrres, it yOu make it all in one Draught, IS ur 
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4 » =_ * FO 7 15 4 2 © 
du mat prepare large Paper, or patte Sheets of Pape! 


f ; -. * * 0 1 of a 9 1 9 
Lecker, till your Sheet contain about +4 Feet each Wi! 


rough the Middle of which drau the Equi iti ne 


9 
d von lee in the Plain Chart before inſer:- a- 


de Line Of equal Parts now ment. d, wh. c 


h if yoa make the Chart in two Parts, or the 5 


cheet of Paper 4 Foct ſquare will eaſily tent 4 


there draw Lines at right Angles, with the h h a, 
Line, . as you ſee in the foregoinz Cha. is, the Its, 


Ak. and DBI, Fiz. 5 3. then theſe Lines 21 5:c1t4irce 

4 the Equinoctial, both Ways, by the Gran: 

the Meridian Line upon the Scale, ſhall fer of cron 

rail of Latitude according to Mercator, ant Whit 7 
Lines on both Sides are o graduated unwarys ud des u- 
wards, from the Equmo-tial, the Lines crawa tion 


other Side, ſhall repreſcat the Parallels of Lattice re 


But becauie\ theſe Gradu tions wouid te tro fil 
to make a Chart by, for any particular Voyige, 11 2 
better to make the Chart larger, and in hit Calc. tt: 
Want of a Meridian Line fo large, may de tupplicy ' x 
2 Table of meridional Parts; for having drawn JD 
EquinoCtial, or any other Paralicl of Latitude, whey 
is the ſacie, tor oue Out-lide of your Chart, fer off 6 
of any equal Parts for every Degree of Longitude, both 
at the Top and Bottom of vour Chart; this done, find 
(dy the Rules laid dovn in Mercaror's Soilins Fg na— 
metrical) the meridional Diiterence of Latitude, or the 
meridional Parts contain'd beiween that Degree d 
the next, theſe taken from the ſame Scale or equal 
Parts, and ſet from the laſt Degree mark d, ſhall find 
the next Degree, and fo in the reſt. 

The Rumbs, or Points of the Compaſs, are exactly 
the ſame as in a plain Chart, 

I ſhall explain what hath been ſaid by an Example of 
a Mercator Chart, from Hamborong b. Head to the Nez 
o Nerwey before mentioned. 

Cu 


— ied © 


* 


* 


ra 2 . e 5 18 


172 lot io mals à Mercator's Chart. Ch., 


Lat. Lear. 


! Qmoor Iu? 5 7 — „ 5 17 8m of ] IM W 
1\ 220 C] Gf by 8 5 3 O 0 6 L.. 


It is {et to make the Chart to a whole Degree. 4 
this Examnie I ſhall, as keiore, make it from 12 


b to 38, and 9 Deg. o "Long tude. 


K 1 ' Ii. 01 at. in the N hole = Cha Ir — — F n 


3 : 1 
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2 1 1 3 . * X f ; 
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© 6 2 = 7 Bs 14> 6 5 — 4 * . : , 
ref. of Lon-itude 5 Degrees, or 8 40 Nin. from 7 to, 


1 


and om 2 to , and draw d; thus y9u have the hot 
Slant 85 Car Chart. 

{hen fet Go of the ſame Parts from 4 to o, and from 
o- $0: i, Aid from 1 d 2, e. 25 upon the Liir 
Ar, aud upon the Line 20, and draw the Lines GO 
1 tf, Cc. this is your Laas de graduated. 

| for the Latitude, find the nicriiional Pife. 
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103. thereſore Tot 103 O the ſame equa! arts Ir 2 
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How to make a Tri Pl1inChnyy, 


A. 2 
deck. 3. 


The Diſtance between any two places in a 1: 3 
chart is thus found: Find the Fe e ot —— | 
Litud e between the two Places, Whici lere In. 2 
n Of . 232 Minpes, M hich ! 1 
bon tie Line a5; take the 3 wh Maren 1 - 
to. 20, and the 32 Min. ia the grad B 
counting Every Part 19 Min. d EE ester 35; hs 
vided Into Parts ; then k pn [ CON) Pat:c8Aa® 
that Extent, lay a agg 0, as 11 AYR 0 the: du 


Pas ES, \ noſe Dit e 15 : quired; Tien ict 01 T {136}, 
of Your Compat Ns at the Ruicr's: F. ge, 
other turned a our may juſt touch ſome Fit aud Wat 
Line, tizen: keeping that Foot: falt that Rood again! 
te Ruler, open the other to the Creſiug of the ules, | 
Euft and Weit Line, that txtent meaſurca 


ln as hs trie 


and the (210 
on the Parallel @ 6, allowing e Is to erery Degree, 


gires the true Diſtance required. 

Thus a Scale laid from @ to O, deſeribes the »rick 4 
Line 3 3, then with 38 5221 in your Compatics, and 
one Foot in 5, the other turned abeut vill jutt pou fs 
the Line 57 373 then : oblerve where the r 
37 — 57 cuts the prick'd Line 2 O, as in , he r- 
tent VE, meaſur d on the Line 25, gives the true 


998 
ſtance. 


How to make a True Plain Chart. | 


UT a Third Sort of Charts I ſhall nest def ede 
which is as true as Mercotor s, and vet 25 plan, 
ealy, 2 and expeditious for Practice, as the Plain: & art; 
but it cannot be made but tor a particular V 5 At, ard 
generally when you intend to come back the ane Wr 
you £0, and 1t 1s thus made. | 
Having the Latitude and 1,0n-itude oj the two IT laces 
between which you are to fal, find the trus Co 12 
and Diſtance, by Caſe the Sixth of Mercator's Sui/rg, 
which found, ſet off the Courſe and Diſtance between 
the Phace fall d from and the Place bound tor, as yu4 
re taught in Traverſe Sailing Geometrical ; to haye you 
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tuo Points repreſenting the two Places, and if Yor 


Ship ſail upon ſeveral Courſes and Diſtances, in for c. 
a Traverſe, as you are taught in Traverſe $oiling GC 
m.trical, and ſo you may every Day ſet off the Cours. 
and Piſtance from the Ship to the Place bound for, 4. 
coriing to Arrcator, and yet 'tis done as ealtly x in 
F'uin Sailing. I ſhall inſtance in the fore-mentionc! 
Voy a 2 Co 


Let. | Tr d 
A Ship ſails from Flamboroys h-Hea--5 41 n- iow, 
Intending for the Naze of Norwoy—-38 © — © 2F 


For the Courſ:, according to Mercator. 


As XIerid. Diff. Lat. —416 — 6 
Is to RadiiSooc 90 DOOM — 1 C.00999 
So is Diff. of Long. —— 7 —— 2598 
To Tang cut of the Corſe—41 218 —— 9.51. 


| "# 
Then for the Diftanre. 


As Sine Comp. Courſe — 414 1m — 0.872; 


To proper Diff. of Jat.——232——2 3053 
So is Radius 00 00 ——.E— 10. 00005 
To the Diitance — —302— 2.5 03 


Here A repreſents Hamboroug h. Head, B the Nage of 
Norway, the J ine AB the true Diſtance, 278 

Fig. 55. Miles, the Angle CAB 33d 22m, the 
Courſe from the Meridian, and in this Chart 

the Degrees of Latitude, are equal Diviſions, and 
ealily repreſented, but the Degrees of Longitude, it 
they are inſerted here, would be curved Lines, and 
hard to projet; nor is it needful, ſeeing upon this Chart 
you need not regard the Longitude as you go alone, 
dut only the Courſe, and Diſtance upon each Courſe, ac- 
cording to the Rules laid down in the ſecond Queſtion of 


Traverſ” Sailing Geometrical. 


Having thus ſhew'd how to make the ſeveral Charts, 

1 ſhall ſhew the Uſe of them when I come to give {ome 
Examples of keeping à Journal, in which I ſhall inſtance 
in 
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in the Lame Voyage for which theſe Charts are pra- 
ected, and ſhall ſew the Learner how to prick off 
every Day's Work upon each Chart; of which here- 


aitcrs 


8 E C x FS IV. 
How to take an Obſervation. 


HE moſt .uſual and eaſy Way to take an Obſerya- 

tion by the Sun, 1s with a Quadrant, commonly 
call'd Davis's Quadrant, conſiſting ot .two Arches it 
ſome, a 30 Arch, and a 6o Arch; but more commonly 
of late, an Arch of 25 Degrees, and another of 65 
but the Way of uſing them 1s all one and the ſame ; tor 
by theſe Quadrants you do not ſo readily find the Sun's 
Altitude, but the Complement of the Sun's Altitude, 
commonly (and properly) called the Sun's Zenith Diſtance, 
being the Sun's Diſtance from the Zenith, or Point right 
over our Head, which is eaſily found by one of theſe Qua- 
drants; for having fitted your Vanes ſo, as that when you 
have the Horizon right through the Sight Vane and Ho. 
rizon Vane, the Shadow may at the ſame time fall directly 
from the Top of the Shadow Vane to the Top of the Slit 
(Which is the Middle) of the Horizon Vane, till re- 
moving the Sight Vane downwards, as you obſerve the 
Sun to riſe, till you find that the Sun is upon the Me. 
ridian, and then you have done your Obſeryation for 
that Nay. This done, obſcrve what Number or Figure 
you have upon the Go (or 65) Arch, juſt under the 
upper Edge of the Shadow Vane, (which ſhould always 
be placed upon an even 10 Degrees, to ſave Trouble in 
the Addition) and alſo obſer ve what Degree and Minute 
vou have upon the 30 (or 25) Arch, juſt under the 
Middle of the Sight Vane, even with the Line or 


Stroke that goes from the Hole along the Middle of the 
Vane; 
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V are but four Caſes, or Vari ties in rk ig. 
% Oiferyition; in Whatlaeyer Part of the | Wor, 
vou be, or whether the Sun's Declination be North « 
South. 

he firſt is, when the Sun is between the Horizon 
and tix Equinoctial, and then the Rule is, Sal trag 
the Peclination from tne Zenith Diſtance, the Remain. 
der is the Latitude of the Place. 


Domonfi ration, 


Tha Latitude of the Place is the Die between 

the Equinoctial and the Zenith of that Place, 

Fzg. 57. The Sun's Declination is the Sun's Diſtance 

rom the Equinoctial: And the Sun's Diſtance 

from the Zenith of the Place, is the Z.endth Diſtance, or 

Complement” of the Sun's Altitude. Now if from 02 

the Zenith Diſtance, you ſubtract OE, the Sun's De- 

clination, there remains EZ, the Latitude of the Place 
of Obſcryation, 


E x ample. 


Suppoſe the Sun's Zenith Diſtance be Z © 76, and the 
the Sun's Declination South is E © 16, ſubtract © X the 
Þeclination 16, from GZ the Zenith Diſtance 765 there 
reſts E Co, the Latitude required. 


The ſecond Variety is, when the Sun is between the 


Equinoctial and the Zenith, and then the Rule is, Add 


the Zenith Diſtance to the Sun's Declination, the Sum 
the Latitude of the Place: For if to OZ, the Zenith 
Dita ance, you add OE, the Sun's Declination, the Sum 
| 1 
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s EZ, the Diſtance be tween the Zenith and the Equi- 
1o2ial, which is tas Latitude required. 


E xample. 


Suppoſe the Sun's Jaan Diftanc2 OZ 33, the Sun's 
Declin- tion North EO 10, it to 8 2 35 ne 
San's Zenith Diſt? ace, You add EY 19 t'ꝛe Suns F. 58, 
Declination, the Sum mult needs be EZ 45, 


the Latitude required. 


The Third Variety is when the Sun is between the 
Zenith and the elevated Pole, and then the Rue is, 
Sabtrack the Zenith Diſtance from the Declnation, we 
Reminder is tag Latitude of the Placg. 


Example. 


and the 


— 


Suppoſe the Sun's Declination be FO 20, 
Tenth Diſtance Z O 10; ſubtract the : Z-nith 
Diftzance Z © 10, from the Sun's Declination Fiz. 59. 
E9 20, there reſts EL IO, the Latitude re qui- E 


red. S 


The Fourth Variety is when the Sun is between the 
elevated Pole and the Horkon, and then the Rule is, 
Subtract the Sun's Complement of Declination from the 
Zenith Diſtance, the Ke mainde: is tac Complement of 
Latitude. | 


— E. xampl fo : 
Suppoſe the Sun's Declination be- 22, (its Comple- 
ment 1s 68) the Zen:th Diſtance $5, then from | 

Zenith Diſtance OE 8s, ſubtract the Comple- Fig. G0. 
ment of Declination © 5 68, the Remainder | 

LP 1), is the Complement of Lat. which ſubtracted 
rom go, leaves 73, the Latitude required. 

But becauſe 'tis ſeldom that any fail fo far North, or 
South, as that they n conveniently tak backward 
OLleryation * the Jan: _— the ele. Pole, 5 

th 


CANES 


T- 
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578 Il to work an Obſervation. Ch. + 
this Caſe, it may done by a forward Obſeryar: 'or, 
and work with the San's Alt ile or Hcetglt above th, 
Horizon, and then the Rule is, Add the Sun's Altius 
to the Coniplement Ot LDeclingci— on, the Sum 15 the La. 
titude; thus if in the laſt F: raph: you add the Sun; 
Altitude, O O 8, to the Con ip! lement of Declination 
0% 68, the cum Of 73, is the Height of the Pol 
above the Horizon, Which is the Latitude of the Place. 
This ſane Operation u 11. hold in taking an Ol ſer. 
vation by a Star, When under the elevated Pole, because 
both here, and in all other Caſcs in obf er vin by the 
Stars, We are obliged to tike the Ob ervatio 1 lor art 
becauſe a Star caſts no 3 ſafticicnt tor a bac Kwan 
O' ſervation, and then, inttead of the Zenith Viliance 
4 Crk u ch the A titu de. 4 ; 

In forward Obſervations, whether by Sun or Stars, 
there AYE 110: V.eriziics, as in a backward O! (Er vation, 
which 1 ſhall only {peak tn, the Demonſtrations beins 
pretty ex en! t from the torecoing Figures. 

The firit Cale is, When the Ster is between the F cui. 
noctin! an — Horizon, and then the Ruic is, Add 
the Altitude of the Star to its Declination, the Sun i 
the Complement of Latitude, which ſubtt acted trom 90 
leaves the Latitude TOM? Ted. 

Secondly, When the Star 18 between the FE.qu:rocul 
and the Zenith, ſubiract the Star's 'Declination from is 
Altitude, the Remainder 1s tv Complement of I atituce. 


Tbirde,, Waen the Star is betwcen the Zenich and 


tho eleyaied Pole, then ſubtract the Cormplement of De- 
4 
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as a litt:e Fracice Vil make evident 

It is pow tie to table an d by the Moon; but 
d- £3 a 75 — k - "x /'\* +» * 5 J 
thc . 18 N19! 3 T. vin tro De ae. Ounted ior, 25 Para- 
Jar, Reirgeion, . and th J 


e Noon ſeldom to be ſeen, 


but V hen for c 4; 9A NA I allo he ſeen, and J 
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gect. 5. How to recken the 7: os. — 
avine in this Book inſerted a Table of i1:-4 , NSD 
Jeclinations, Sc. I ſhall refer the Revver ti. .*, 

un and Stars being ſuſhclent in all Cates for cak f. 


bſervations. 


+ 


p Elbow 10 ec the L1CeS, 


j 

Of the Genera! Motion of the Tides, and h5:: to know the 

* Tune of High-lt ater a. any RROWN 1 Wh, 07 7 oy a Sight 
of the Aon at ary / ci the Day or : 


— 


* | Hey that would be able to give a So Account of 


the Tides, or of tne Time of Hi Witte or Low- 


4 Water, at any Port or Harbour propos'd, it is nec ry, 


; * 


ſhould by coming aſhore, or ſome other Accident, 


in order thereunto, that there be a, 11+ Underflanding 
of the original Cruſe of the Moot of c Tie: or 


| Ebbing and Flowing of the Sea; a Thing which 1-ath 
been often in Diſpate among the Learned, both Mathe- 


maticians and Philoſophers, "whoſe ditterent Sentiments 
have rendred the Thins as e as when they fir!t be- 


gan with it; ſome aſcribing the Fluctuation ot the Sea 


to the ſwift Motion of the Earth, according to the 
+ Copernican Syſtem, and that the Water being a ff lid Body, 
and not preſently acquiring fo ſwitt an Avitation as the 
Earth it ſelf, it muſt conſequently be higher Water up- 


on one Part of the Glebs than upon another, and this 
they illuſtrate thus: Suppoſe a Boat under Sail, with treſh 


Way, and a ſmall Quant!f'y of Water in the Boar, it 
ſeems very plain, that the fun Metion ot the Boat would 
make the Water incline rather towards the Stern of the 
Boat; but if the Boat, . {ailinz with that Speed, 


meet with a ſudden Int. 8 and at once ſtand iti!!, 
the Water ſtill retaining in lome mealure ite tormer 


2 Io - 


— 
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Motion, * prejently run to the Fore-part of the Boy, 
bole iy this 2 would ſome Way or other demo. iltrate, 
iet the Moron of the Tides depends upon the: Motion 
ei- tus N But to vie no other Arguments for the 


Contutation of ths Opinion, the Abſurdity hereof will 
apprar in this; that 1 the Motion of the Earth were 
the original Caue ot the Motion of the Tide, then the 
Tice maſt neceuarily follow the Motion of the Earth, 
(or to Our Apps Ara: 0 E 70 on of the Su: 1) and con. 
10 uently it mut always be II gh-water at one Place, 
at one and. th- in Lime 5 the Day; but the con. 
trary is ſo evident to all, that there needs no more! 
ſand to diſprove it. 
Others ſry, the Flowing of the Tide is occa ſion'd b 
a regt Co nftu ence of Water proceeding from the Mae. 
trezm, (called br fore the Navel of the Sea) being (ag 
it is recorted}) an Eddy, or Whirl-pool, under - the 
Weſt Coatt of Norway, or Finmark, from whence (it is 
ſaid) during the fix Hours Flood, the Water iſles 
violently out, and occaſions the Riſing or Flowiny of 
the Water in all the 28 cent Parts, and finks with the 
ſime Violence during the Ebb; ſo that it is ſaid, that 
during the Flood, the heavieſt Metal will not ſink; 
and 5 the Ebb, the lighteſt Subſtance, or tne beit 
of Ships, uni rot ſwim; but what Reaſon they will 
give W by this Ebbin- and Flowing ſhould be regulated 
and governed by the Motion of the Moon, I do not un- 
derſtand, unleſs this Iſſue of Water be ſupplied by ſome 
Communication that it hath with the Ea/ern Seas, by 
ſome Pailage under the main Continent of Norway ; but 
this being an Uncertainty, we ſhall wave it, as well 
as the Opinion ot a third Sort, who affirm that God, 
who create all Things, gave Life to all his Creatures; 
and that the Ebbing and Flowing of the Sea is no more 
but the Breathing cf the Earth, which ſeems to me a 
very odd Fancy, and not worth inſerting, had it not 
been in this Collection of the various Opinions of the 
Learned upon this Subject. I ſhall amoneſt the reſt, de- 
I'ver mine own Opinion in the Matter; and although 
1 do not think myſelf able infallibly to give a definitive 
Sentence in the Caſe, yet I ſhall endeayour to prove it 
- to 
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to be conſiſtent with the Obſervation and Experience of 
our Mariners, and ſhall aniwer what O.jertions can eaſi- 
Jy be made gainſt it. 

It is evident to all that own the Rotundity of the 
Farth, (a Thing generally out of Centroieriy anhbngſt 
the Learned) that there is a Principle of Gray:itation 
rowarcs the Center of the Earth, and that this attra- 
aire Influence is diftaſed to all Eeings waatloever 
-irkin the Orh thereof; and hence it is, that we that 
inhabit the Earth find no fuch Thing as an upper fide: 
and an under fide of the Earth, bat in a Parts of the 
Cperficies thereof we find a Ike Natural ie 
towards its Center, as is evident by the ELxberience 
of thoſe that have ſnil'd about the Wori!, 2.1 vet an 
their ſo far different (if not dizmerricaily apogfite) 
Places that they have ſail'd to, have fou mn eCIVEs 
and every particular thing fo have tie lame rang In- 
clination towards the Center of the Earth, wii in med 
to them to be downwards, as well as it dot, c. Nov 4) 
it we grant the Earth this ſtrong Frinc:p.e 0; tt: fv 
tion, Inclination, or Attraction towards it; Center, 
which Reaſon and common Experience provis. we 
have reaſon from thence to believe, that the of 
Bodies, as the Sun and Moon, have the ſame Prin ip. c: 
of Gravitation towards their Centers, (which pry be 
prov'd by fome Reaſons, Which, to inſert here, would 
be too great a Digreſſion from the preſent Subject) which 
being granted, I ſuppoſe the Ebbing and Flowing oi 
the Sea to be occaſion'd by the Attraction of the Sun 
and Moon (especially the Moon being a ſecondary Pla- 
net, which moves far nearer the Earth, ani reipects it 
tor her Center) the Strength of wh.ch Attraction, al- 
thouzh it cannot have any Influence upon the Solid 
Part of the Earth, yet the Water being a ſiuid Su!“ 
tance, is more eaſily affected with this attracting Power, 
vl by Virtuc thereof (while the Earth continu. , 
oand) the Water is gently ſuck'd and drawn into 22 
dal Form, by reaſon of its inclning Tendency to waras 


tho attry Give Bodies, thereby cauſing High-Wate: 
where the Ends of the Oval is, and conſequently Low-Wa— 
at the Middle of che Oval, as may be demonſtrat--1 

N 3 | thus, 
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thus: Suppoſe two F' op M of any fee Baultance, 33 
Wood, fine Steel, S. ct equal Di: nen ſions, and laid 
Gy one upon the. ; and then it from opnoſite 
Pc the uppermoſt we extended into an oval Form, 
it is evicer nat 2s the extended Part or Frid of the 
Oval is drad. „ then the round Hoop, the two Sides 
or FN iddle of it. be contractcl and pills with. 
in 1, and Bill, as t <- tranſverſe Dianete: of the Oval 
were extended and augtnented, the Conjugate, or 
ſho. ' t Diamete will be contracted 2.4 ανminiſhed, 
which plainly de.zonfratcs how the W when by a 
attractive Power it is drawn above its mean E [evation, at 
the End of the Cy2l, it muſt needs be depreied below its 
uſual Poſitiot, at the two Flares a Geer Cittant rom 
theſe tuo toootite Pointe, Which (Elevation and De. 
preſion 15 . Oc. aſion c Ih and . Which 
happens at (near) fx Hours, Diitance, vretween High 
and Low-Water, ant conirins the 'I ruth hereof, which 
1c al. 1 by the allowing Reaſans.“ 
Firſt, Beciufe the Motion ot the Jides generally fol. 
lows, and cone, by the Motion of the Moon; ſo 
that the Moon bein von one and the fame Point of 
the Compa's, ph [ji Water at any particular Place, 
at one and the fare i.e, {unleſs accelerated, or re- 
tarded, by Wings, „ or the 5 by which 


it ſeems very. probe de. that IO is the principil 
Age. IT in this TIS vin! * 8 18. 8. FR Sca; 7 and 11 ſo, then 
nothing more likelw than that the influence of ker at- 


rr Ac 11 * Powe! 9 ( 
Into an c!!ipt! ice! or 
the Ca uſe theres:. 


2122 the ficxibie Subſtance of Water 
oval Form, as before etlerted, is 


Hut ſecondly, I: is obleryed by e that the Spring 
* 27 7 8 - 0 
L ices; (gig. at the Bio nd Ful Moon) are greater 
than the Ne:p-T fog, (which are at the frſt and laſt 


N arters, by which it ſcems evident, that although, 

2s 1 ſaid in the laſt Paragraph, tha: the oon is the priuci- 
pa! moving Caule C the Jie CS, Vet the Su! having alfo 
tte like attracting Fower, hath an Influence upon the 
Water alſo, although not fo great as that of the Moon, 
(becauſe the N Idon is much z. grer the Earth, and is 2 
{IECOndary Flanct; refpectins the Curt tor her Center) 
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and thereſore, when the San and Moon are in Con- 


junction (as at the New Moon) or in Oppoſition, (as 


at the Full Moon) then the Tides arg greateit; becauſe 
the attractive Infuence of the Sun 1s added to that of 
the Moon, and both raiſe the Water at one and the fame 
place, making the Spring-Tides. But at. the Quarters, 
viz. when the Sun and Moon are abut oo Degrees, or 
a Quarter ot the Zodiac ditant t, then the attractive 
infuence of the Sun rather im puts that of the Nioon ; 
the one raiſinz the Water where the ocher deprefles it; 
ſo that although, for Keaſors before given, the Influ- 
ence of the Moons Artraction upon the Water is greater 
than that of the San, and therefore th: Tides tollow 
the Motion ot the Moon, and not ct oe Sun, yet their 
Contrary Influence leſſen the „eder titties See, . tat 
of the Moon: which is the Caule ot the Neaip- Tides; 
and this may alio be illuſtrated thus: Suppoſe a Hoop 
of Steel, or any flexible Metal, be faitned to any Place, 
it a Nan with a Rope fixed to one Side thereof ſhould 
pull with all his Strength at the ſaid Rope, it n 
make the Hoop decline into an ell;pt: ical or oval Forn 
hut if another Man, though of inſerior Stren — 
ſhould fix a Rope in the fame Place where the firit was 
fixed, his Strength added to the firſt would make the 
Ring Gr Hoop „et more chliptical, and would ſtretch out 
the traniverſe Diameter thereof yet longer, in Compa- 
ron of the Conjugate. But i the -tirft Rope remain 
fed as betore, and the e Er, mange ed by interior 
Strenzth, be removed a = Phone r 0; the Hoop's Diſtance 


— 


from be firit, then, althoneh oy 1 tops wall in ſome 


Xlcaſure retain its oval Fort m,. inclining to the ſtronge 
Attraction, y<t tne Power ot gs contrary Attraction 
will. depre's tne other, and Cauſe the idoop to retain @ 
Form at Jcaſt nearcr to a true Circle, than as if the 
Attraction were all in one place; and this platz II. 
luitrates the dilicrent Artratem, caahns different Tides, 
ViZ. When the attractive Powers are united, their In- 
uence is greater, ee the Water to be 3 
tical, r ereby occafignins Spring 1 1ves, 25 at the New 
| Moons; but when the attractive Powers are 
£9, as at the firit and latt Quarter of the Moon, 


MN 7 i * 


En CT ] 


154 Of the Tice. 3 


the Inſſuence of the greater is not ſo apparent, V hich is 


at the Neap-1 1Ges. 

But my third Reaſon is, Becauſe we ſee that the 
Spring Tides at the Equinoxcs, ig. in March ind 
September, are commonly Fr Tides \than the Sprine 
Jides at the Solſtices, ig. in June and Deceinber; the 
Sun, and alſo the New 2nd Fu! Moon, moving in er 
near. the Equinoctial, in a right Alpect to the Earth. 
wheres their Influence is ſomewhat impeded at the 
Solf ces, ty their more oblique Poſition to the Earch 
All which ſcems plainly to prove, that as the Tides are 
revu}liicd ond governed by the Motion of the Noon, ſo 
her attractive Power, to . with that of the . 
when joined with it, is the Original Cauſe thereof. 

Now azo2irſt what hath been faid, there ſeems two 
grand O' jections to ariie; the firit is, that if the Tides 
be govern'd by the Moon, and it her Attraction he the 
Cauſe thereof, her Diurnal Motion being from Eaft to 
Weſt, it ſhould follow that the Flood-Tides ſhould in 
all Places ſet Weſtwards; but daily Experience proves 
the contrary; for it ſets in ſome Places South, 2s upon 
the Coaſt of and, and in ſome Places North, 28 
upon the Ccaſt of Holland ; ye2, and in ſome Places 
Eaft, as in the Britifh Channel, which makes againſt 
my former Aſertion. 

A ſecond O!ljet'on is; that if the Tides be cauſed by 
the Moon's Attraction, it ſhould be High-Water at all 
Pigecs, when the Moon is upon the Meridian of the 
Place, or that a Nerth and South Moon ſhould make 
fall Sex in (very Pl=ce ; but the contrary is evident by 
the 'T ide-Tat les, and by the Experience of all Sailors. 

In Anſuer to the Arlt, Zig. that the Flood.-Tide 
Nod tet Weitw/ard in al} Places, (the Anſwer to 
which wiil 2.0 partly imply en Anſwer to the ſccond, 
775, that it ſhouid always be Hizh-Wacer at any FR 
when the Moon is upon the NMeridun of the Place) 1 
prin that it the Tides be occaſton'd as before aſſerted, 
then this recular Metion of the Sca, from Egſt to Welt, 
muſt neceſſar iy follow, if this terraqueoas Globe were 
equally environ'd with Water, and thet the aforeſaid 
Motion of the Sca were not interrapted by the Land; 

| but 


gect. 


but it 
( tely 


Flood 
be r12 
whoie 
Cont! 
ahout 

ahoat 
and © 
Wet 

that 


Conti 
ward 
Weſt 
from 
Foo: 
of N 
and 
and 

FAN 
Eno! 
at 4. 
bat 
Spur 
at 7 
Min 
Tim 
and 

ſage 
Sout 
Tid: 
of J 
alon 
ſtare 
Eaſt 
Wat 


d by 
it all 
the 
make 
t by 


of the Tide. 


ally w here tho 2 join 


SA. §. 


tat it is evident, epa. 

Giately upon the Wer cf any Main Continent, 1 the 
Flood cannot ſet Welluwards there, becauſe that would 
be right from the Down os for Exam PC, SumPoRe the 
«hole Lond of Far pe and Aſrica were all ove Main 


ir 


Continent ; an! in; ppot e the North Care of tHzrzrh, in 


3 P 


—_ 2 92 Soom * 1061 , x 1 4 
about Lat. 7 1 141 $3: 11 1, and the IT n 4 18 of 1 3 25 in 
boat Lat. 4 Scout, Kere both under one Meridian, 


and thit . Main Continent were termine Reg on the 
Weſt with a ftrait Coaſt, lying under the ſame . Meridian, 


that the two extream Poin's, t * tu and South 
Capes, lie under; now it is plain, that e Tid- cannot 
come . Om the P. u- ard 177 DON the W E Conſt; 12. if 
the Tide be Cauſe. by this Weſterly Eee of the Sea, 
.ccorlins to the Notion of the Nioon, it mit fer 4W: - 


wards, about the North ani Sonth | tue 1 
Continent, and ſo proceed from the North Cip: South- 
ward, and from the South Cape Northward, along this 
Weſt Coaſt; and the Truth of this fe-ms evident alſo 
from our common Experience; for we 2 
Flood proceeds from the Northward, along the Coaſt 
of Nor:o. 5„ 2 and there find: NT 2 Paſſiace between eri 
and Norway, marc hes along the Eat Caſt of 79-524, 
and hence it is Birzk-Watcr ſooner in Sot/2n. then in 
Flond, and ſooner ca tlie Coaſt of tie North Parr nf 
Em jan than on the South Part; thns it is Hizh-Watcy 
at Aber, „ in Scotland, 4: Min. aſter Moon 5 Sonthing, 
but at Tinmout b-Bar, not till 3 Hours after, and at the 
Spurn 5 Hours and 15 Min. and at 8 0 Hours. and 
at Termaut h. Peer 9 Hours, and at Harwich 10 Hours 30 
Min. after the Moon's South nx ; the Tide, at the ſame 
Time being rowling along the Welt Courſe of Scetlend, 
and from thence to the Welt Coaſt of Jrelan?, the Pal 
ſage between the 8 Part of J7re/anl, and the 
South-Weſt Part of Scotlan 


„ being ſo narrow, that the 
Tide finds little Paſſage; "od therefore the Eaſt cout, 


of Ircland is ſupplied by a Tide which ſets Southward 
along the Weſt Coaſt; and hence the Tide flows Eaſt 
ard, along the South Coaſt, and Northward along the 
Eaſt Conſt thereof f, as is evident by the Time of High- 


wer eberved in the Tide-Table; for upon the Fo 
1 nd 
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2% Change Days, it is High. Water at Seyn-Head at 11 
ours 30 Minutes, from thence in 6 Hours it Paſſes alons 
the Welt Coatt, and butts 1n upon the South Coaſt, 0 
thut at 4 Hours 30 Minutes jt is High-Water at King. 
falc, Cork and 77 aier/ord, and from thence in 45 Minutes 
more, it paſſes over to Milford, Lundy, Sc. and at the 
ſame time it ſlides Northwards, along the Eaſt Coat 9 
tretant ; ; fo that in 3 Hours 45 Min. it flows from at. 
ford to Dublin, and i in 45 Min. more to the Ile of Alas, 
Pr. Thus the general Notion of the Tide to the South. 
ward, having, as by a Branch proceeding from thence, 
Bid up all the V oca! oy between Eng/ent and 7relan!, 
it proceecs fill to the Southward, and upon the Full 1nd 
Change Days, it 13 High-Water at the Land's End of 
F:1{cid at 7 Hours 30 Min. and in its unwearied r 
to the Southward it finds a Paffage up the Br/tifh Cha 
nel, and 45 Minntes after Hi-h-Water at the Lan 
ud 1t is High-Water at Por? /and, and in 3 Hours 
Nn, more, it is got up to the Ile of IV bt, Sort! Janp- 
, and Verl mouth, heing High- Water at the * 
F ime on the other Side of the Channel, upon the Coat 
of France, about Guera/y and * T/ry, and ſo proceed: 
flow ly along the Coast of I. ance and Holland (hill to the 
Northu ard, being ſayp!'cl] by a Tile up the Channel; 
and this (to follow t no fur ther) may 7 prove, 
that the General aud Or: 011+] Motion of the Tide Viet 
wards occaſions its Motion to the Southward along the 
Coaſt of Norwav, and conſequently all its compounded 
Motions and Branchings into the Iriſh Sea, the Channel, 
Sc. And it is evident, that Ahd. the Tide, if not 
interrupted, ſhould be at the Height where the Moon is 
upon the Meridian; yet it finding ſo many whirling 
Motions to ahd fro between the Lands, the Noon, 2t 
the ſame Time, keeping her ſtrait and uninterrupted 
Coarſe to the Weſtward, all the Time that thoſe irre- 
galar Vacuities are fil ling up, it is plain, that the Moon 
maſt needs be paſt far from the Meridian before it cin 
be Hich-Water at ſome of thoſe Places, and yet the 
Tile occafon'd as before afferted ; which 1 think will 
Ificiently anſwer the two Objections before meatio' 
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and prove this Hypotheſis to be very conſiſtent wich Rea- 

ſon its ſelf, and the Experience of all Obſervers. 
Now if any Body will ſtill inſiſt further upon what J 
kinted upon before, <7z. That the Tile is occaſion'd 
by a Confluence of Water ariſing at the Mael-ftrcerm, or 
Navel of the Sea, and proceeding trom thence, Cc. and 
or Confirmation thereot will alledge, that they have 
ſcen and obſerved this regular Riſing and Sinking of 
the Water (before ſpoken of) at that Place; 1 anſwer, 
| can eaſily approve of this Opinion, without denying 
mine own hitherto aſſerted; for they are very eaſily 
reconcilable; ſince it is poſſible, and very probable, that 
this Ebbing and Flowing, at the Mael!-ſtream, may he 
oecaſion'd by ſome ſubterraneous Cavern, whereby this 
ace hath ſome Communication with the Eaſtern Seas, 
and is ſupplied ſrom thence ; which being granted, it 
will follow, that while the Tide {whoſe general Motion 
i; Weſtwards) is interrupted by the Continent of Norway, 
er, 2nd thereby is forced to find a Way about the North 
Cape; yet by the Way, finding this Paſſage under 
Groand, and the Tide, by- Virtue of the Moon's At- 
traction, inclining that Way, there may be ſuppoſed 
to be fo much Water convey'd that Way as that obſcure 
paſſage can contain, though tar ſhort ot ſo much as to 
oxcafion that Flowing and Elhing that is obſerved ; and 
this being granted, it is evident, that this Riſing and 
Falling at the Mae!-{tream, muſt needs keep time with 
the Motion of the Moon, and of the reſt oi the Tide; 
becauſe it proceeds from the ſame Original, and is a 
ſmall Branch thereof; apd this we may fee illuſtrated 
by our common Rivers, whoſe Natural Notion, when 
interrupted by Banks, or other Impediments, cauſeth 
the main Body of the Water to find a Paſſage ſome other 
Way; yet if at the ſame time, any {mall Holes be found in 
the ſaid Banks, there will always ſo much Water paſs 
thereby as the ſaid Holes can contain; though the main 
Body of Water is fore d ancther Way: Hence, from 
what hath been ſaid, it is plain, that this ſmall Flood 
and Ebb obſerved at the Mael-ſtream, mult needs have 
the ſame regular Motion with the reſt of the Tide, 
Which I ſuppoſe has at firſt occaſioned, and ſince ſcem'd 
| | 50 
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to confirm that Opinion that the Tide proceeds on. 
from thence. ! 
To what hath been ſaid I ſhall only add, that this 


that I havegere afterted ſeems yet to be further confirm 
by our en ee abroad, for it is obſerved, th, 
there is little or noc Tide at the $/7ai7s of Gili altcr, no 
upon the Coaſt of uin; nor can it be expected, xc. 
cording to this Hypothetis; for if the Tide comes from 
the Northward, it may be ſuppoſed, tit by that Time 
that it hath-paſſed fo far along, and havin fo meny h. 
canciss to fiil up, as the German Occan, the Jriſh Sei, the 
Bri:;7; Channel, the Bay of Bi/cay, c. its Power nud 


be very much impaired, 1f not totally exhauſted, betore 


it comes ſo far as tte Coaſt of {/rica efore mentioned. 
Now it may be qucition'd, what is the Reaſon that 
there is little or no Tide in the Baltic Sea, ſerin: 
there are ſtrong Tides almoſt on every Side of it, iz. 
upon the Coaſt of Nertyay on the North of it, on ths 
Coaſt of Hollan on the South, and on the Coaſt of E=. 
land on the Welt of it, Sc. ; 
I anſwer, It is hard to determine abſolutely what i 
the Cauſe thereof; but I ſhall hy down ſome Conje- 
ctures, which may conduce very mach that Way ; for 
it it was High-Water at the Naze and Coaſt of Norway 
at the ſame Time that it is High-Water upon the Coat 
of Futland Southward from the Be/tick Sea, it muſt nee! 
force a Tide into the Baltic Sea, as well as High- Water 
upon any Coaſt forces a Tide up the Inland Rivers there; 
but this cannot reaſonably be expected, if we conſider, that 
the Tide along the Coaſt of France, Holland, and Frtland, 
proceeds from the Bi Channel, and comes from thence 
Northwards, along the ſaid Coaſts of Holland, c. but 
the Tide upon the Coaſt of Norway ſets to the Southward, 
as hath been largely proved, the two Tides both term!- 
nating at the Mouth of the B2/tick Sea; hence it is very 
probable, that it may be High-Water upon the Coatt 
of 7 au, when it may perhaps be Low-Water, 0! 
ſome intermediate Tide, at the Nag. or South Coaſt 0: 
Worway ; ar4 it fo, it cannnt force a Tide into the Bal. 
fick Sea, but rather a Jus King Current, Go Inclination ol 
the 
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Gect. 5. 
the 5 £ 
me Baltick Sca where it 18 Hipn-Vater, to that Coaſt 
on the other Site where it is Low-Water ; and heute it 
will neceſiarily follow, that this Current mutt fer ſome— 
times one Way, and ſometimes another. And this may 
le allion'd as a Reaſon u hy many have found themſelves 
deceived in their Reckoning s, when intending to mike 
the Nage, or other Lands thereabouts ; and when they 
bare imputed their Miſtake to a Current ſetting towards 
that Point of the Comp2's towards which they have 
jtound themſelves une xpectedly carried, thinking thereby 
to re ulate their future Reckonings, they have found 
themſelves at another time under a quite contrary 
Error, and hence have concluded that there was no 
Current at all, but ſome other Thing hath been the 
Cauſe of their Error; whereas, if the I ides upon the 
Coaſts of Norway and Jullun, rig. on each fide of the 
Mouth of the Baltick Sea, were carefully obſerved and 
determined, and the Current aliowed to run or ſet from 
the Higheſt Water to the Loweit, (upon which of theie 
Coaſts ſoe ver it were) and to be at a Stand only v hea 
the Water upon both the ſaid Coaſts were oi equal 
Heighth (whether Riſing or Falling) I queſtion not but 
that the Motion oi this Current might thereby be limite 
and determined, as well as the Motion of the Tides 
elſewhere, and due Allowance might be given for the 
Current there, as well as for the E's and Floods in 
other Places, to the* great Satisfaction and Advantag 
0! thoſe that uſe the Faft-lonntry Trade. 

This Motion of the Tide thus granted, I ſhall next 
new how to find the Time of the Moon's Southins, 
and (with a little Application) the Time of Hizh- 
Water by a Sight of the Moon, at any Time of the 
Day or Night, | 
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How to know the Time of the Moon's Comi IT 
to South, only by a Sight of the Moon, « at 
airy Time of the Day or "Nie bt. 


T is commonly known, that the New Moon being 
in Conjunction with the Sun, fouths at Noon, a 
the Full Moon being oppoſite to the 8 

Fig. 01, comes to the South at Xlidnight; and 7 

the Quarters, when ſhe is jut halt full, 
ig. to the Line N. 6 8, which croſſes the Figure 
directly in the Middle, then ſhe is South at 6 3. 
Clock, and if the light Half be on the Weit Side, 
N. W. S, and ſhe half full, ſhe ſouths at 6 in the Even. 


ing, as at the firſt Quarter; but if the light Half be on“ 


the Eait Side, N. E. S, ſhe fouths at 6 in the Mornin,, 
which granted, the Moon's Coming to the South p01 
any other Phaſis, or at any intermediate Age, may be 
eaſily gather'd from the Figure, oblerving this Ge. 
neral Rule; When you ſee the Moon at any Time of 
the Day or Night, oblerre how much of the Moon i 
light, whether on the Eaſt or Weſt Side, and compare it 
as near as you can with the Figure, conlidering to which 
Line in the Figure you ſuppoſe the light Part will 
reach, and obſerve what Number is upon that Line, for 
that is the Hour at which the Moon will come to the 
Meri: lian that ny Gr Ni ht; as tor Example, 

Suppoſe ] obſerve the Moen, and find her ſomewhat 
more than half light on the Eaſt Side, ſo that comparing 
the Moon with the Figure, I ſuppoſe the Light Part to 
appear like the Licht Part of the Figure; then I obſerve 
to what Number the Light Part reaches, and I obſerve 
it reaches to the Number 5 ; and hence I conclude, that 
the Motion comys to the South about 5 a-Clock; and 
becauſe the ILiht Fart is on the Eaſt Side, I conclude 
it is at , nm the! VI ODIN: Y the will be upon the XIeridian. 

Again, Sik I. ſes her in the Evening, and the 
light Part o the Weit Site, as acer as I can con gabe 
eo te like the Aarker Part ot the Figure, towards tat 
rizht Hand, Fs ober! ins how lar the light Par: ex- 
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tends, 1 ſce it comes to the Figure g, and be@auſe the 
lieht Part is on the Weſt Side, I conclude ſhe will be 

And thus as you obſerve the Moon two or three Da 3 
after the Change to :ppear in the Weit in the Evening, 
with a very little Licht on the Weſt Side, which by 
Computation may Le ſuppoſed to come as far over the 
Moon's Body as the Figure 3, 1 conclude the has been 
won the South that Afternoon about 3 a-Ulock;, and 
the next Night you will obſerve the Light to increaſe, 
and come towards the Figure 4, I conclude the we 
South that Atternoon between 3 and 4, or near 4, and 
then perhaps 5 or 6 Days after, | obſerve the Light Parc 
increaſed beyond half the Body of the Moon, as far as 
the Arch N. 8 8. I conclude from hence, that tle 


— 4 — 


Moon is South algat 8 that Night, and altho' this „e- 


thod is not ſuficlent to find the Moon's Southine exact- 


4 


ly to 2 Minute, yet it is ct ſuſncient Exactneſs :or 


South at 5 in the Evening, Sc. 


eckonins the J ides, where a Quarter of an Heur, oz 
Halt an Hour, make no material Error, it being gene— 
rally impoſſible to predict the Tides to the abſolute Ex- 
actneſs of a Minute, although you had the Moon's South- 
ing exactly, becauſe Winds, or Land Floods, &r. may 
alter the Tides, and few that have the Charge of a Ship 
will truſt to the firſt or lat Scrupie of the Tide tor 
going into an Harbour, or coming out, but will endea— 
your, if poſſible, to have the beſt of the Tide, and to be 
ready for it againſt it come, whether Eb) or Flood. 

The Moon's Southing being thus found, the next 
Thing is to ſhew how thereby to find the Time of i41izh- 
Water, at any known Port; and for an Help thereyits, 
T have inſerted a Tide-Table, in an Alphabetical Order, 
in which you need but find the Name of the Port, at 
which you would know the Time ot High-Water, and 
againſt it you have a Number of Hours and Minutes, 
Which added to the Time of the Moon's Southing, 2:ves 
the Time of High-Water at that Place that Day ; as tor 
Example, 

Suppoſe I were lying before Tinmouth Bar, waiting 
for half Flood to go in, 1 happen to fee the Moon 2 
the Morning, and 1 obſerve the Eaſt Side of the icon 


LS 


DE ——  ———— 


T i T2 


192 ( ths Tide. Ch. » 
to be licht, live the light Part of the Fiure ley, 
ſpoken of, ci. It is hy Computation ſo much above hats 
the Pody of the Moon, that the whole light Part each. 
eth to the Fi:urs 3 and becauſe the Light is on the 
Faſt Side, ] conclude ſhe is South at 5 in the Nornjys 
then 1 look in the Tide-Table, in the Letter 7, and fir.4 


 Tiumouth, and again it I find 3 Hours © Minute 


which added to 5, the Time ©: the Moon's Southig- 
the Sum, which is 8 Hours o Mii.. is the Time of His. 
ater at Tinmouh-bar ; fo that J ſind J may go in abo 
5, 6, or 5 a Clock, with the Flood Tide, according tg 
the Draught of Water that my Ship requires. 
Now /it is not neceſſary, that you ſhould always haye 
this Book or Figure about with you, tor you may, with 


my 


a very little Pract ce, get the Nature and Realon of i: 
Imprinted in your Memory, always remembring that he 
New Moon being with the Sun ſouths at Noon, and 
the Full Moon being oppofite to the Sun, fouths at Mid. 
night. The Nloon in the firſt Quarter is South at 6 in 
the Evening, and at the laſt Quarter is South at 6 in the 
Morning. All the intermediate Times of her Age may 


be eafily computed, according to the Figure, exact e- 


nough for findinz the Time of High-Water at any 
Port mention'd in the Tide-Table. 

It any will object, that what hath been ſaid ſerves 
only tor finding the Time of High-Water, at Places 
mentioned in the Tide-T able, but no where elſe; I an- 
ſwer, that by this Way of finding the Moon's Southias, 
and conſequently the Time of High-Water at any Por: 

ention'd in the Table, together with a right Appre- 
henſion of the General Motion of the Tides, as you 
have it ſufficiently deſcribed and illuſtrated, in the Be- 
ginning of this Section, you may be able to give a very 
good Account of the Tide both at thoſe Places inſerted 
in the Table, and at thoſe that are not, provided you 
know but upon what Coaſt the Places are, and how 
ſituate from ſome known Place expreſs'd in the Table, 
and whether they are upon the Sea-Coalt, or up ſome 
River, and the like; as for inſtance, Suppoſe coming 
from the Weſt of Enz/and, up the Channel intending 
for Bulloigne, and not having a Tide-Table that hath 


the Port of Bulloigne expreſſed in it, I am at à loſs to 
| know 
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kom how the Tide falls 
Now ſuppoſe in my Tide. e, 
Dani (Forts on cen Side of © olg ns?) 
amination I find! is Hizh-Water at D, cn the Full 
and Chan te Da) 1 at 9 Hours 45 Miu. again, I find it 


(ſuppoſing it at Neu Noon} 
I find Doe and 


% 1 * EM 
«11.4UDINR- Ex. 
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i; H1- 1 . ater ak Hank! ”R the 


now I conclude that Bog ne 11 r betwürt chez tw 
Ports hath alſo IIich- W ater betv/cen_ theſe t Times, 
and not long aſter High Water at Leiche, A, if you look 
in the Ta ale, yon will find it is High-Vvater at 10 4 ars 
50 Min. at the Full and Clan: 8. 

In like mans = it you obierve the General Motion 
of the Tide to the Southward, alon tie +.-t Coait 
Enzlant, and to the Eaſtuard, up the Channel, 
you may, by kn oven, r the Time of Ifizh-Water at 
Fort, very ex: 951 cemhute the Flow.ns ant Ehbing of 
the Tide at any ad, sent Port, and uit Allonance for 
deep Bays, or hn d Rivers, you way very ey deter- 
mine the Time of Hizh-Water at an de 

But for Variety and the unirergil Satisfaction of all 
Navigators, I ſhall infert another {though 3 Me- 
thod of ſinding the Moon's Age and Southing, by he 
Epact, in order to which you mutt firit find the Golde: 
Number, which is thus done. 

Add t to the Year of our Lord, an divide that 
Sum by 19, the Remainder is the Gol:iken Number. 

2. For the Epact maltipiy the Guiden 1:umber by rr, 
and divide the Product by zo, the Remainder of that 
Naben is the Epact for the Lear e 

For the Moon's Age add the E recht e Day ot the 
Mouth, and the Number of the Manths (as expreſs d 
telow) together, and caſt away 30 it the Sum exc22'!s, 
the Total if ander 309, or the Exceſs if above 30, is the 
Moon's Age. 

4. For the Moon's f outhing, multiply the Vioon's Ag 
b 4, and divide the Product by 5, tue Quotient is t 
Hour, and for every 1 that remains add 12 Mia. gives 
the time of the Moon's ſouthin». 

The Numbers for the Months 2 
0212345 K a 
8 10 and 10 theſe are the Numbers right. 
That! 1s, Fan- on Feb. 2, Merch f, April 2, May 3, i? UND , 
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July 5. Aue uf 5. Sept. 8. Och. 8. Novem. to. Decemb. 10. 
{\otc, The Epact is here ſuppoſed to Change the tirit 
ol 7auuary. | 
F :: amp: A 
T deſire to know the time of Hizh-Water at Berg 
the 10 Day ol Odober 1722. 


Fr for the Coll Number. 
The Vvear 1722 197172300 


Sum 1723 


The Quotient 90 is of no uſe in this Caſe ; the Re. 
£14;nder 13 is the Golden Number required. 


To find the Epa#?. 


The Golden Number 13 
Multiply by — 
13 
. — 
The Product 143 divide by 20 /142(g 
Remains the F pact 23 


Or divide the Golden Number (13) by 3, the Re. 
mainder (1) multiply by 10, the Product (10) add to 
the Golden Number {r3 ), the Sum (23) is the Epacd. 


For the Moon's Age. 


The Epact — 23 
Tbe Number for O#ober 8 
The Day of the Month 15 


Sum oem —— — — 47 from which abating 
30, the Remainder 17 is the Moon's Age equir'd, the 
Moon Changing the 29th of September as may be ſcen by 


the Table of the Moon Chang ing inunediately follow- 
ang the Tide-Table. 


For 


uſins 
T 
eaſy, 
T01N! 
Fi 
1510 
Colu 
Hou 
i 
a941T 
the 
Tim. 
differ 
Min 
2 
ing 


1s EX 


erwitk 


e Re. 


cect. 5. O/ the 71de. | 19 


wa 


For the Mons Southing. 
* 6 


Multiply the Moon's Age 17 by 4, the Product 38 di- 
„ide by ß, the Quotient is 13 and 3 remains; Sig. 1 
Hours and 36 Min. paſt Noon, or 35 Min. after A the 
next Morning, to which add i Hour 30 Min. found 
againſt Berwick in the Tide-Table, the Sum 3 Hours 6 
Min. is the Tune of High-Water at Berzoich, Octalur 
17, 1722 in the Morning. 

But becauſe the Spring Tides do not ſhift fo rv 
as the Neap Tides, you may yet be more exact in 
uſing the Table annex'd. 

The Uie of this Table is very 
eaſy, I hall Inſtance in the fore- Mer Time | 
going Example. Ae. II. A 

Find the Moon's Age 17 under | 


[[\Joon.'s Age] and againſt it in the 1 160 = 
Column of [Time] you have 1 2:17] f 21 
Hour 21 Minutes, * Which added to 2 18] 1 52 
1 Hour 30 Min. the Time found 4 * 1 
againſt Berwick in the Tide-Table, | 5s 20 2 53 
the Sum 2 Hours 5r Min. is the | 213 23 
Time of High-Water required, 7 224 gf 
difering from the former by 15 8 23 4 cc 
Min, and nearer the truth, becauſe 9 24) 5. 50 
it allows for the different ſhift- ſro 25| 5 £2 
ing of the Tides; but either way [re 25] y 38 
is Exact enough for common Uſe, 2 2178 4 

3 2br0 $f 

„ int 

15 301 0 2 


Nate, What is here ſaid of the Tides is meant ag 
to their General Motions the half Tides, quarter Tides, 
and Currents, being a Thing that depends ſo much 
wo Experience, that it is in yain to treat of them 
ert. 
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F 74 HOW A. eL Hod. by 
. Y- JH after 
A Large Tide . AVC 
| | 85 2 Port 
A J. A J. : H. ” nv 
* O- 45 Baltimore 8 * [Dow 
ot Fares, 18 2—15 [Hremen hs Dem 
11 re! : * oi ** OD 
24. * 3— 980 Blackney 6. © | Dort 
a Lam 3—00|[Briitol mg Dun 
\rment.ers - 15 [Brittol Ary * . Dun 
Al:roth - Sri water #==30 
. O— OO faoriYy : Nart 
Antwerp G6—o0 [Cape Blanco H 45 St. 
A rchangel = Bulloion 0 Du!“ 
0 7 F! 2 8 1 no", N. Zoos | 
\bermorit der in hace , Planquet 12... Jun 
Amaz en / 5 — Die! 
South Amer GC—OO 2 N — | 
. 3 3 un 
Akibrow il - 75 11. M. Dun 
:Au„—ͤ — — 0 1 wo initin it Dov 
8 7 7 B: rl ary at 
= 1vis A ä — 
B O O Calice without I -o-30 
* 3 B. _ [Camfere 1 
4 1 8 71} Bar. 5 4 Coquet ZJ--- © E 
7 = Cork i» Ireland LAT | 
Jacktoil Fe 0 = Cape Clear in Ire- | | Elve 
> 6C%NeiS 85 30 land 2 Ene 
e Ille wee - Caldy _ 315 Eda. 
* * 1—30 — 15 . 
Bcery. FX (Ca zrna rven Bay £ , E. 11 
zinet dient e— 15 O--- 0. | 
net = % 2» Cromer | | E29 
Grita n Bo. th C 3 o Cask ets cut —15 Exu 
Bifeay ! ti /s 3 ca. Sierre- lion 72 | L= 
. L495 Jp Fr 3— ö | 
GOUICENMCY Nie. hy £ Crim C 5 J. 
—— 5, 29 — \ 4 
Fa Ne » 8 = Chan Lerne 9545 
Ina ELiperance 1 Cou's 19—38 WY 
N 3245 125 N 10220 
10 : Caen in the Fos c 2 
; 2—45 f 02-20 
Leut 1Cal; ce ical 9 1 
, 3—43 18 : 
LGHPTON -  Calthot 1 E 
I. „ rcaux Re 4o 12— © * 
2 : — p |. FIR Conda "is Kirk Fin 
Lt: 8 = — Dun — 1 Fou 
. de e e mare rer | Flat 
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Res : F. M. H. M. 
a. Unkirk O—O Fair Ifie 3— 0 
D Dover Port  o— © | Frith 4—30 
M Fort Defire i A- | Falmoath 4—39 
30 merica C— 8 rid 5—15 
30 Downs 1—3 N 5—15 
* Dunde 2—15 | [ dulneſs 5—45 
- 0 Denby 215 Lhe Fly F 730 
. nb 20 | Florida 11 Caroliga 7—30 
ol 1 — Foreland Nerth 0:7 My 
Ke | darrmouth is | South. — 
5 Dartmouth | 3 1 5 
30 St. David's Jax G— of — * 
- © Dublin 2 Ireland 8-1; | 
Junno:e O—45 © H. M. 
i Hicpe 9 — 45 [bralter V] OO 
NM. | Dunwich 9225 | Gravel! 0 — © 
Dunv»encls 59—43 0 TiC! ruſe 'Y O—4; 
. 0 Dover 12—30 | Gooree 130 
200 ICraveſend 130 
2 PRA Galicia 5— 0 
* 2 H. M. Giſcoin | 3— 0 
70 Mden — | Grroyn 3— 0 
: Eider O—.o jGorcnd Li—T15 
2 'Flve O-—0 = | 2 
15 | Enchuy ſen 6 0 : 4 
151 Edam © | [—39 | H J. AT. W 4 
9 Edinda urgh $—59 H 68 0 T 1 
15 Lemon 4—530 ; | Hern 62 6 of q 
| | EXWAter 7—39 Holy Jin 1—3 4 f 
rc ' Entrance - of the Hart!-n»Gl © 3 8 
45 Emes TI; Iuntcliſk T Sn 3—45 
0 | [Oe Humer i 4—39, 
0 | tH1G:ms O— 0 
0 H. M. Hull 0 
3] | Frans ders Co — © | Hamborongzh 6— © 
0 Fluſhing 0-45 | Hague 8—15 
«| Finmark Conf 1—30 | Harlem 9— C 
5 Fountnay without 2—15 Havre de Grace 9 1 
g Flambarougbh Hen 3— 0 94 Harwich! 
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Harwich 10—30]St. Mark 2—15 
St. Keliens 10—30 St. Matthew Point —4 

E —Mount's Bay 4—35 

225 Milford 5—1; 

1 H. M. Moonleſs 5—173 
Utland Is 0— of St. Nlalocs 5—15 

irgend W. Coaſt 3 — O Magnes Sound 8—1; 
ireland South „ 5—15 Herw Caſtle 8 15 
Jolin de Luce 10—30 M 4 
K H. M. 8 1 

Entiſh Knock o— © N. 
ee 2— O Eu port in th: 
Iinzfele in Ireland 4—30 | N e 0— 0 
Nilduy —30 Tore Weit E OC 0 

5s Og 7 30 North C. Maggero 3— 0 
Nantz Aver wit out 3 — 0 
| Nexcaſtle 5813 
Isb . H. ** St. Nicholas 22 
mg Dis Ruflia 6 
St. Lucas 2— 15 [Cecdles GE 

Lo: 5 i 8 —45 
Per agg — = Normandy Coat 10-30 
Lawreneſs 4—30 ua 1115 
Lyn without 5 —15 = 
Lundt — 

1 —0 0 H.M 
2 . 
Landſen 730 Oru e 9— 

Lizard 730 | Orfordneſs 9—45 
Lam Hay 8—1 5 Bo 
Leyſtaff 9—45 en 
Le now 9—45 p HM 
Wot ED Ortiſmouth Cee © 

| Poictou Sopth 

Aze within O—45|Pens 3— 0 

| Malden 0-45 | Porthus 3 0 

Portugal Conf 3— © 


Peter] 


vs 


_ — 
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0 
Nn 


Get. 5. 


after a ne Met had. 
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2Lymouth 
St. Powls 


Portland 
Peterport 
picardy Cons 


podeſemsk iz Ruſſia 6—145 Stockton 


6 — 8. Severn 
0 — o Seven [les 


8 — ts Sp irn 
8 - 15, Salcomb 
10—30 Start 
| Se lrnuch 


KO 


[Sclberg 


N H. VM. Seven Cliffs 
08 orough O— O Shoram 
Que: eck 77 Secyn-Head 
| Canada Ca © Sene all 
C | 3 3 
| R H. M. Erveer n 
mean S. Ir Tenct 
| Rocheſter Cas: Terveer without 
Rumney I —20 Trnmoiuth 
Ramkins 1—30 1 ces Mouth 
Robin Hood's Bay 3— © Tenarifi 
{Rotterdam 3— © 1 orbay 
| Rovain 3—4 Lexell 
Rochell without 3-45 Tergon 
Roan River within 3—45 
Ramſey g—15| - 5 
Rye 1115 U 
Rhodes 11—1 5 RK 
1 Uſe 
Uſhant 20 heut 
8 H. M. St. Vallery 
Hooe O— o 
Sheerneſs — 
lee ve 0— ©! W 
Southampton O— 0! FSlz-of Wight 
Spits OO of W incheiſea 
Shotland 3— ©| Weilands 
Silly 3—43 | Whitby 
Scarborough 3—25 | Waterford in Ire 
[Sound 3—45 land 
Staples 345104 
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F. M. Yarmouth N 


Weymouth (— OP] Yarmouth Peer 9— of 5M 
2 | Wells - G--- ON Yarmouth Town oi 

. VWevmouth ky 0---45 \Yarme = 1-26 

Vy ra A 7--- ©] 1727] 

3 Winter u EST / 1525 

| PFC H. V Hed 

N oF land Ca 1.20 GL 

R yo hall iz Ire. — Zerick See CRM 15” 

| 1. land 4-40 | : * 

N — 1733 


The Uſe of this Tile-Ta!' is the fame as in other 1 #1734 
Tide Täbles; . en you gofirs to know the Time of 5 


Ein. Water at an F Plzee meu o in the Table, 500 
nect but lool in the * ter that the Num of the Pl; IT: 


I PINE , and there having jound the Place you u ant, 150 

0 3 a . & 4 
ic | ft Heu 5 4.1 Niinute itt 48 aeainſt It, M. 1 1 in: 135 
18 aut a t the Hour and Minute of the 3 com- i= 


ing ta Feulh., we Sum (abating Tuelve Hours, if it ex. 
* CELLS ! is the 1 line t E Jig h Wade at the Vlace propoſed Iſt 
* t- 7 a\ . N 75 8 1 161 oo 10 I OW wr it TI Ie 


be f * — 14 0 
{ 11 1 441 E ii. -h. W t ” ws 127! * ich. A * T1 ht the Ot h, 172 BY 

il Li oc in the 122885 II, ard ünd Hartwich, ind again“ .* 
* it 10430, Which Ct dea tobe Vioon's Southing that 

* 105 the Sir 3 Fein aw Wet an aue rs. the' 3 
« \ g*.''> „ 233-2 3- 8 s 4 5 BY. bo... WY 19 "S 43 Can a * 14. ne 

Remainde: 1s tie Time of 12 a ter: Ot WHY ſce I 


J. , Fi a 
>; more in the F: planation of the faliowins 7 Table © the |; 


| ; Moo 18 Ch: Nn. 
"3 GEES A Fe nm 7 

3 The Uf of the follenias Table of the Moon's Chancin 
1 18 0 efv, that it needs little Exyvlanation; for &nd the 


; 4 1 r 
1 Yer In the fen Column on the Heft + 1n?; and the Month 
2 the Top, „nad 175 tlie  COMTMRAH An 4 \ be _ the Lay 


* «16! Hour of th. On 8 . Hon” ine nat ! 10n 

12 Wete, Mm. 8 ) _ Peter : ung ; . lor 5 Ft NOM = + x | 
[1 mg; Ii deſire to know the Moon's = be nj 

ki 17:0: Find 15.0 in the I.ctt-Hond Column, and apainit 


1 under Furr, you find 13 2 1, that is, the Vidon 
ranges: Juze 12. at 2 in the Morning; and where 50 
End two Nurilers zz inſt one Year, and under one 

Montk 


. * 


* 


— 
— —— 


— in N 
= 


, ; Tears. 
Toon's Changing for 15 
f the Moors Chang; 
"A Table o 


; : May June | 
March | April 
7 * i Febru. a H. D. H. 
1 Mary 
. | 4 - pe m 
Prat yy” ES $62.36 Y 9. 158 6 m 
226/22 7 m, 1 m1 1 5m 27 5 Noon 
17 7m 10 8a 28 5 3 2 15 
227111 f 3 92 128 . 6 4 16 18 298 
L j- 2m z8 6m 17 TY” EF 
1-291 . | 6 „ 134 . 24 ap {2 Noo 
27 1 m 26 He? ns. 5 a 13 2 1 1 
nig gaſzs 73 1 S$ 2 5 265 gm 
. a 14 11 a ö ml - 124 85 
222106 I I Mm 2 9 / 31 . 7 ” 1m 
1752 2 5 2 | 62 20 | 
— 5 4 3 1 m\22 10 m 21 10m 9 So 
1735 * 2 2 24 1 11 w 
. 1 
22124 422 12 1 fr! 7 2” a 
73423 7 11 8 a 13 1 a 29 lo m / 5 
17355113 3 If 1 e 18 175 4m 
Br *. None G1 7 mz 1 1m 18 * 6 Sun 
| 3 16031 N a 3 a 29 A 8 2 1 [ 5 24 12 
8 94211 10 m 26 9m 2 Ne 
34 "mm; 7 6 9 a 2 1 2 4 . 
1.38 9 0 [6 5 4 28 5 15 « wal 14 a 
175928 8 ny 7 6 6 m16 4a 
n Sali 5 Dec 
=> ebe 
| Aug Sept. 8 
ns 5 18 H 'D 11. . — 
IJ. D. — 12 O2 
rears H D. mere, 2 6 a — - 
. U 114 5 14 Am "ta 
1115 m 14 2 5m... 8 m 
17729117 12 4 a 3 im 3 6 4 | 1 
* 6 Im 4 | 5:5 mY 19 5 | 
1 21 7412 7m 
L72-:4-7 22 10 m 1041 9 | 
| 24 I M[ Zo 1111 11m. 9 m 
"25025 254 © il 12 In - | 28 11 
LS I 12 — * . ' 28 11 Aa 
712515 Smit, 1 1e n 32 Noot x Im 
| 11 2 b 11: ö 8 No , 
dhe! th s 19 9a | 6 10 n 
"ITY 3 I'2] 20." 3 842 194246 5a 5 Im] 
7511 1 421 22 8 m 1 7 25 Noon| 25 - m 
1731 2 9 - 26 11 2 26 5 14 Noon 4 * 
134 9 8 8 m2 15 6 21141 3 
152 8 8 m2 a{16 4 mt. a 40n7 2 7 
123 8 4 a 17. 4 | 5 4 a 3 21 26 hank | 
134117 m7 7m; 3 8. 1&9 3 ms 5 m 1 24 
17319 1 25 9m 23 Hi 14 {31 
I Ta Zz5 3 9 m;12 / | 1 
173627 1 1 * ½ iim. 1 75 
17371 Noon} 3 1 i 50 9 0 e 9m | 
[- 11a] g 1 19 m9 71 112 
) m 21 9a 2 8 dm; 7 
1735 42123 7 . 12 a ! Y.-: LIK 
| 2 5 alt $m/g12al Ninth 
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Nionth, the Moon changes twice that Month; as 3. 
int 73 5, under jJanary, vou fn He 4 1 1 that ie, 
the Moon changes twice in January 1730, g. the Second 
Lay at tin the Morning, and the Thirty frtt Lay at $ in 
the Afternoon, and ſo in the reſt: From hence you may 
eaſtly find the Vioon's Age, and her Southing, and con. 
tegnently the Time of High-Water at any Fort men. 
tion'd in the Tide-T alle. 

Example, I wonld know what Time it was High. Wa. 
ter at Hor wich, March 10, 1733. I look for the Neu. 
Moon neut before, and I find it was Marci 5, and 
hence the Moon on March the 10 is 5 Days old, which 

mult: plied by 4, and the Product 20 divided by s, 
the Quotient is 4 tor the Moon's Scuthing. or 4 
Hours 00 Minutes after Noon, to which add 19, 
20 m. the Hours and Minutes ſtanding againtt 
Harwich in the Tide-Table, the Sum is 14 Hours, 
30 Minutes, from which cait 12, the Remainder 2 
Hours 30 Minutes is the Time of High- Water at 
Harwich required. 

Note, If the Moon be leſs than 15 Days old, look for 
her Age the Day propoſed to find her Southing ; but it 
more than 1 5 Days old, look for her Age "the Day 
betore (or abate 1 from her Age the Day propoſed) 
and.then work as before, becauſe when the Moon is 
above 1; Days old, the comes to South above 12 Hours 
after Noon, which may more properly be called next 
Morning, and conleq icatly it you abate 1 from her Age 
zound when above 15 Days old, the Southing found 
from thence is properly her Southing for the Morn- 

72 of the loay propoſed, Sc. 


SECT. VI. 
How to keep a Reckoning. 


H AVING tuns learned to find the Variation, and 
'G work an Obſer vation, and alio to —_— 
1063 
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Tides with other Things neceſſary to be known, and 
having, as laſter, Mate, or Pilot oft 2 Ship, taten 
vour Charge for any Voyage, ap having your Log-Line, 
Glaſſes, and other Things, in Readineis, you 

muſt provide a Log Board ruled as you fee in Fi. 62. 
the Figure. 

Then having ſet Sil, and got from the Shore, and 
out of the Set of the Tide, obſerve how tlie Land bears 
trom you that you inten.! to take your Departure from; 
and alſo, as near as Jou can, come! the tance vou 
are from it, and then that Coute an! Diane di ick'd 
off upon your Chart gives the true Place cf your Ship 
when you begin your Reckoning. 

This done, having ſettled your Watches, and ordered 
2 Man to the Helm for two Hours, let him obierve 
carefully what Courſe he fteers by the Corpils, or if 
he be ordered to ſteer upon any given Courſe, let him 
taxe care to mind it, and at the End of two Hours let 
the Mate heave the Log, having one attending him with 
the; Minute Glaſs, let the Mate over-haul off the Line, 
(having firſt caſt the Log with a few fakes oi hne into 
the Sea) till the Red Rag come to his hand, and at that 
inſtant cry Tarn; the Man with the Glaſs, juſt upon 
that Word, as the Red Rag goes away, turning the Glaſs, 
and watching diligently: When the } Minute Gla's is 
ja out, the Man that hol.'s the Gla's, cries Step; 


_ - whereupon the Mate ftops, and hanls in the line, ob- 


ſerving exactly how many K nots, half K nots, and Fathoms 
are gone out, and ſets it down upon the [og-board, 
azainit the Hour at which the Log was heay'd; and thus 
proceed every two Hours all the 24 Hours, and then the 
Log-board will be full the next day at Noon. 
Then having a Log-book Ruled every Page, like the 
Log-board, with the Day oi the Month at the top, take 
off the Log into your Book, and rub out the Chalks 
upon the Board, ſo is the Board ready ſor the next Day. 
1 ſhall inſtance in a Voyage from a Place in Latitude 
54 8 North, to another Place in Latitude 57 50 
North, and Difference of Longitude 8 3o ſet Sail 
Augiff 24, at Noon, and running that gay as by the 
Log following. | 
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3. Wete, Any 24 hours Log, from Noon to Noon, 1 
dated by the Day upon which it ends, and not upon 
the Day apon which 1t begins; then if we ſet Sail 4, 
24, that 14 hours Log mult be called Auguſt the 23th, 

The Ship having run every two Hours as you ſee in 
the Jog on the other fide, add up all the Knots tore. 
ther, the Sum 47 being doubled {becauſe you heave the 
Log but every two hours) is 94, to which add the 
halt Knots, which n this caſe are accounted as 4 Whole 
Knots, becauſe they are alſo doubled: The Sum gg 
Nliles is the Diſt ince run that Day. The Courſe ;; 
N. E. but becauſe there is a Point Variation Weft, the 
true Courſe is N. E. by N. there ſore fet down under the 
Log - xlade good 98 Miles N. E. by N. 

Then find in the Traverſe Table your Northing and 
Faſting for that Courſe and Diſtance, and ſet it in the 
_ Elink Space on the right hand as you ſee done. 

The Northing 8r. 5 Miles or Minutes added to the 
Latitude fail'd from 54 deg. 8 Min. the Sum is the Lati. 
tude dome to 557 20m (the 5 which: is placed after 
the dt being but a decimal, or half mile, need not be 
regarde ]) which 1{-t down alſo as you ſee. 

For the Difference of Longitude you may find it by 
the Traverſe Tallz, the mid-ile Latitude being 55, its 
Complement 35 being found, and under it in the Co. 
Iumn of Departure, find the Departure, or Eaſting 
$4.4. or the neareſt to it; and againſt it, in the Column 
of Diſt:nce, you have 05 min. or 1 d.— 35 min. for the 
difference or Longitude, made that Day, all which kt 

down as von ſee. 

Now to find where your Ship is in the firſt or laſt of 
the Charts betore-mention'd, which are all made for 
this Vorne: And firit for the firſt particalar Chart, 
pet oh 08 Niles from 4, upon a N. W. by W. Line, 
it Will reach ta the Point v,.the Place of the Ship re- 
Quired; or take the Difference of Latitude made that 
day 81 5 in on? Yr of Compatſes, and the Iepartute 
or Eaſting 54 4 in ancther Pair of Compaſſes; then 1 ich 
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HK & F Courſe Winds e 
9 —— 3 
TEY Fn E.] Weſt Variation 1 Point Wet. 
- I 1 : 

-| -|- —— — Northing . 8. 

4 i| | EAltInNg — — 54. + 

#4 ray ar BY mn ——| Lat. come to- 2097. 

0 9 | N Diff. Longitude— 1 31. 

0 5 | 

10 | | 

12] 5 | 

. 3 e e — — 

214 1 

414 | 

= Za Ta . 

0 EH 

— Nr R — | 

; * — | 

10 3 I 

el-1-|- | —— | 

1203 | 5 
Made good 98 Miles North Eaſt by North. _ 


one foot of each pair of Compaſſes in A, run that in 
which you have the difference of Latitude along the 
Eait and Weſt line AC, and that pair in which you 
have the Departure along the North and South line 4B, 
the Movealle Points will fall in @ as before. 

To find where the Ship is in the Mercato, Chart, 
take the Latitude in one pair of Compaties thus; ſet 
one foot upon the line 43 in the Latitude come to 55 
20, which is at the point 2, and extend the other to auy 
Parallel, as ſuppoſe the line 55 55 then after the 
fame manner take the Longituue in your Compaſſes, 


zanniug them parallel to any North and South line, the 
mecting 
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*/0 
meeting of their Moveable Points, 7g. at x, is tl. 
Piace of the Ship required Note, The Place by 
the Ship at x, in the third Chart is found by either d. 
the two Methods by which it is found in the firſt. 


es 


Fw to keep Account of a Ship's May up 
a IWind. 


\ 
A Ship is ſaid to ſail upon a Wind, when her Tac; 
are Abroad, and her Yards ſharp Braced, and i; 
commonly ſuppoied to be within fix Points of the Wind 
with Lee-way, according to the Sail ſhe carries, vig. 


All Sails ſet 1 Point Try under Mainſail 
A Top- ſall in 2 | only 5 
Both Top-fails in Under Mizen only 6 
and a Se 3 j Lye a Hull, al 
Try under Mainſail Sails Furl'd. 7 


and Mizen. 4 f 

According to theſe Allowances of Lee-way, I ſhall 
work the following Examples; nevertheleſs, in Pra. 
ctice Lee-way muſt be allowed according to Judgment, 


for ſome Ships make more Lee-way than others, with 


the ſame Sail ſet, Sc. 

This Example, Aug. 26, hath two Courſes, which 
muſt be reduced to one by the Rules for working a 
Traverſe by the Traverſe Table. The firit Courſe 
is N. E. by the Compaſs, but by the Variation allow'd, 
Dig. one Point Wet, it is N. E. by N. but the Wind 
being N. N. W. viz. within ſix Points of the Courſe, 
we muſt allow one Point Lee-way from the Wind, which 
brings it again to N. E. | 

For the Diſtance, add up the firſt fix number of Knots, 
during which time ſhe lay upon that Courſe, the Sum 
21 doubled, and the two halt Knots added, makes in 
all 44 Miles N. E, tor the firſt Courſe, 


The 


Sect. 5- Flo to keep a Reckoning. 2c7 

The ſecond Diſtance by the ſome Pule, is 39 Mites, 
tue Courſe by the Compais N. W. but a to it Varia- 
tion Well makes, it N. W. by W. an 2 Polit 1 ee-way 
which is alſo Weiterly, makes the Couric made good 20 
be W. N. W. the Diſtance 39 Mules. 


Tour te Diſt. North South Eat, et Py Tra. 
— — — U l verſe Sailing as 
N E. 4431 1 31 1 | pertorovd by 
WN. W. 39 1 14-- 3 Ol the Ta! le, you 
| — — — —— ſind the North 
| 409 - © 31 ling 48.0, 2ud 
| ——]|the Welting 4.7, 
+0 [ and by Cate the 


ſixth of plain Sailing, by the Traveric Tab ic, the Li- 
ſtance made good is 46 Miles North, 6 degrees Wet; 
all which ſet down as in the tirſt lay's Work 
Then add this Day's Northing to the Northing 207 
before, the Sum 127 5 is the "Tot Northing. Alo 
Subtract this Weſting 4 9 from the Eating got before. 
the Remainder 49 5 is the Total Eatting, both wh: 
ſet down as you ſee; alſo by adding 45 Minutes to the 
laſt Day's Latitude, the Sum 50 15 1s the Latitude come 


to. 


The Difference of Longitude is 0 min. which becauſe 


it is Weſt, it is to be ſubtracted from the Longitude the 
Day before, and the Remainder 14. 22m. is the Lots 
gitude come to. 

Now to find where the Ship is, upon the firſt and laß 
Charts, take the Total Northing in one pair ot Compaſſes, 
and the Total Eaſting in another pair, and proceed as 
before trom A, the place fail'd from, it ſhall produce the 
Point c, for the place arrived at: Alſo in the jecond, 
which is a Mercater's Chart, find the Longitude and La- 
titude come to by the Method preſcribe in the firſt Day's 
work, and their Meeting or Interſection is at the Point e, 
the place of the Ship required. 

Note, In the firſt and laſt Charts you may ſet off one 
Courſe and Diſtance, by another, as in Traverſe Sailing 
Geometrical; but 1 ſhall not inſert that way lelt it too 
much confuſe the Draught 
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HK K. F [Courſe { Winds. | Aug. 26, 1714. 
23 N. E. N. N. W. Variation 1 Point War 
—— 1 —j— a Northing 45. J. 
4 1 | | Weſting — 0. 
———— —— Total Northing—27 4 
ry R ——— Latitude come to 10 15. 
8 Fi | 3 Ditf. ongitude o. g. W 
to 3 g 1 Long. come to f. 3 
ö *1 | 
all Es KL 
2 + = | 
3 N. W.] N. N. E. 
43 | 1 | 
6 3 | | 
_— _— Toes — — — 
. 
1003 | 
1213 | 
Made 200d 46 Miles North, 6 Degrees Weiter lr. 


Hy'z 19 corre? a Reckoning by an Obſervatini, 


the followinz Day's Work, Aug 27, there i 

made good 116 Mikes; the Courſe, with Variation 
allow'd, is N. E. by N. and the reſt as you ſee found by 
the forezoing Method. 

It is needleſs to give any more Examples of allowing 
for Lee-way or Variation, the Rule being the ſame 
when Lee-way is 4, 5, ©, Or 7 Points, as u hen it is but 


one Point, only mindinz to allow as much as it is, an 
the right Way. 


Thus it a Ship lye North with Wind zf 
EN E. 


It yo 
furen 
Lau 


Ch 7 
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E. N. E. ani 6 Points Lee-way, ſhe makes her Way 
good at WW. N. W. Se. 

My Reckoning at Noon, Auguſt 27, brings me jut 
Latitude, 57, 51; but by Obſcrvation, winch 1 mitt 
prefer belore the Dead Reckoning, I find I am in Lati- 
tude 37, 34. Now to correct the Reckoning by an Ob- 
ſervation, obler ve this general Rule. 
N .c (more Log or D. 
of pa _ I 0 than the Deparr. the Fault 1 


Lu itude be 0 | \ more likely to be in tue 
1 Icfs (co or Courſe 


The Reaſon of the General Rule above, is evident 
from the Figure; for ſuppoſe a Ship at 4 
ſails South Faſterly, till by his Reckoning he Hs. 63. 
is at C, or in the Latitude of: the Parallel B, | 
but by Obſervation he is in the Parallel ot I 2titude 
D, E, V: Now it we will ſuppole his computed D!tance 
AC to be right, ſweep the Arch CF tl it cat the Pa- 
rallel DF in % and make 47 equa} to AC: Now by 
this means the line 1 is the line deſcribed by the 
Ship's Motion, whereas we thought it had been the line 
AC; but it is ablurd to think that any ſhould be fo tar 
miſtaken in their Courſe as to tteer from A to %, when 
he thought he bad been ſteering from 4 to C; and 
there ſore we muſt impute the Fault to the Diſtance, ſup- 
poſing that the NMlittake lies there, and that when he 
thought he had iteer'd from 4 to C, his Reckoning was 
a-head of the Ship, and that when he ſhould have been 
at C he was only at 4, the Space E V being but a tole- 
rable Miſtake in the whole Diſtance A C. 

But in a more Eaſterly {or Weſterly) Courie, ſuppoſe 
a Ship ſail from A till his Courſe and Diſtance by Dead 
Reckoning is repreſented by the Line 47, and the La- 
titude come to by the Parallel EJ, but by Obſervation 
he is in the Parallel of Latitude H K: Now if he were 
zuppoſed to keep a right Account of his Courſe, and 
the Fault to be in the Diſtance, we muſt continue the 
Line 4/7 till it cut the Parallel HA, and allow hin 
to be the whole Diftance INK miſtaken in his Acconi:ty 

| * which 


44 ww 


/ 

nap T Couric Winds A.. 27. 
414 1 ers e 2. aaa ON Ton . 
12131 | N. E. Wet | Variation r Point Wet. 
HO Hama hang -orog/augrocnny io 
f4] + | Lalling 64.4 

61411 | Total 2 113.5. 
N | Tr. Latitude come to 5751 
| © 48 Diff. Jong itude Eaſt — 1.5; 
e ze E l e e TEA Longitude come to — 9.2: 
1 5 | | 325 
i : >= 6 a I Fat. by Obſcrvation-- 57.3. 
| „ f Tot. Eaſting Correct 105.2 

1 . | | T ot. Nor: hing Cor. -- 290.0 
. e | RT Oe? | Long. come to Cor. 3.9, 

j 

6 as | 
1— as ep 1 — —-— 
46 511 
ö — 7 — — 3 — — —  —— A 

= 

8 4 4 
11214] |\ | 8 
Made good 1:6 Niles North Faſt by N ort th. 


—— — — — —L—i 


—— — — 


which is abſurd, and therefore impute the Miſtake 

the Courſe ; and then with one Foot of the 8 
in A, with the Extent 4 7 dsſcribe the Arch IL, and 
draw the Diſtance 4 L equal to A Z, and ſuppoſe that 
when he thought he had ſail d along the Line 417 he 
had indecd ſail'd along the Line A L, the Angle 141, 
being a much more tolerab! le Fault in the Courſe, than 


the Diſtance IX could be ſuppoicd to be in the Diſtance. 


Note, If you fail in a Current you may eaſily be grolly 
miſtaken, either in Courſe or Diſtance ; but of that ſee 
more at the latter End of this Book. 

Now in this Example the obſerved Latitude 7, 27. 
difters from the Latitude Ly Reckoning the 3 
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of 17 Miles or Minutes, an! becauſe the Total North- 
ing is More than the Total Eaſting, 1 impute the Fault 
to the Diſtance by the Log, and then it is corre ted dy 
this Proportion. 

As the Total Northing 223.6, to the Total Exit 1» 
113.9, fo the Error in the Northing 17 to the Lier uw 
the Eating 8.7 neareſt. 


112.9 or 8.7 Miles neareſt, to be 
- 6.3/8 ſubtracted from the Totz! 

5\ Eaiting 112.0 the Remiin.. 
0743 der 105.2 is the Total Za:t. 
ing Correct. 


The Reaſon of this Proportion is evident from the: 
Diazram; for in the Triangle 48 C, as the To::} 
Northing by reckoning AB, to the Total Eaſting by 
cckoning B C, fo the Error in the Nortkins E 7, tg 
the Error in the Eaſting gc; for the Sides of the Tri- 
angles ABC, and E 4c, are proportional; by Ec. 
Lib. 6. Tr. 4. : 

Then to Correct the Longitude ; As the proper Diss. 
rence between the Latitude by Reckoning, and the La. 
titude by Obſer vation, to the meridional Difference be 
teen the ſame two Latitudes, lo the Error in Lepar. 
ture to the Error in Longitude, that is, as f to 32, 1 
8.7 to the Error in Longitude. 


{ 


10 


Py 
. 


32 173\278[:5 Minutes, (rejecting the Fraction, 
9.7 1185 being but a Fraclion oft a Minvt-} 
ins 6 to be ſubtraqted from the Lon: 
22.4 tade by Dead Reckoning, the Re 
256 mainder 10 35 is the true Lon- 
— gitude Correct by Obiervat: on. 


But in caſe your Courſe be far Eaſterly or Weſterly, 
and the obſerved Latitude differs from that tound by 
the Dead Reckoning, it is belt to corre only the LLaci- 
tude, reducing it to the oblerved Latitads, and not to 


7 - +» £4 E 
| 2 13Ci0e 
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zeddle at all with the Departure or Difference of Ton. 
gitude. ben uſe the Frror is too fimll; as in the 10 0. 
ing Figure the true Departure H differs ſo little {roy 
the Departure found by dead Reckoning 67 that 
not worth white to corre it, anle's you have ſome 
certain Oiſcrvaton of Hong itude to correct it by. 

Wilen you have thas corrected your Jatit ude, Nepar. 
ture, and Pitcrence of Long itude tor this! AY at Noon, 
as here A. 27, and provecd to the next Day's Work, 
add the next Jay s Northing to the Nor ching corre 
this Lay, to find the Iota! Northing next Day, and 
not to the Northins® fornd by dend Peckonit ns; and do 
the ſame al'o wit} + the Lp tu: & ind Difference 01 Lon. 
gitudt, not regarding that found by Reckoning: and ſo 
proceed as tctore; and when you get another Obſeryz. 
ton to correct your Reckoning by, add- up only the 
Northing and Eaſt na made ood ſince the laſt Ohtitrr, 
tion, and not of the whoie Vo, ave, and ſo cor rect wean 
according to this Example. 

Now for ſetting off that Day's Work, Avg. 27, upo! 
each Chart, the Method is to be uſed th:t was betore 
directed to, and the Point Z in each Chart, ſhall repre. 
ſent the Place oi the Ship, Augyf 27, at Noon. 

Now if you deſire to knoy the Courſe and Diſtance 
from the Ship to the place propoſed, it may be don? 
eaſily and exactly upon the two lat Charts, and chiefly 
upon the laſt ot all the three, for in it you need but 
ſet one Foot of the Compailes in the Point J, where the 
Ship 2s, and the other Foo. in. the Point B, the Place 
hound for; th't Extent applied to the graduated Line 
B D, accounting every I'\ezree Go Miles, and every 
ſmall Diviſion 10 Miles, gives the truc Dittance required 
53 Mikes. 

In the ſecond Chart, v hich is according to Mr. II rights 
Projection, commonly cail'd Morrotor's, if you uſe the 
Method which you have thefe preſc rited, for finding 
the Diſtance of any two Places upon a Mercater's Chart 
Geometrically, you will find it Evactly agreeing with 
the former, dig. 53 VIIles. 

For finding the Courſe, the Nlethnd is the ſame in 
th; for the Rumbs are riglit LINES, equally divided, 
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Gr at equal Ditt * es in doth Chars; therefore if vor 
har ve the Kunis pon them, O'1-rye u nich 
Line Crawn iron the Ship to the Port donde }« 
5 10 for that sf the 8 reguired; But it 1 
guld it, It le more Exact, you miy find the true Cu: 

10 Vilta nee from the Ship to the Port, by Ce tie 
Sat of Mrcator's Sailing Trizonometr.ci thus, (14. 
ine both [ati des and I. one ade Swen.) | 


Lat. Long. 


The Ship when cor by Ohſerv. ie in „ 
] he Por! ound or iS Hh | Rs 57 30 0 > 
proper Pit. Lat. 10 Nertd PUT, Lat. 20. 
(ft. LON T2400 $32 1, 
48 A ler Lite Q! Ertitude 3— 7771 by 
To Fu 74s, . 10.000900 
50 Dit. of Lon-:tule 22:4 2.809030 
To Tang. F of the Courſe 24. 9 190 N 
Then for the Diftanc By 

As Sine Comp. Courſe 8 C 84-40 8.56825 
To proper Diff ot Latitace, I G---=7. 20412 

So is Radius o. ooo oo 
To the Diſtance. 172 ——-2•235 87 

The Courſe is North 84 40 Laſt; and the Dittance 172 


Miles. 

But here we may ſee the intolerable Error of the 
Plain Chart, the Ship being at g, and the Port bound 
for at the Point O, the Extent bet ween them being ap- 
plied to the Graduated Line 16. 15, and allowing co 
Miles to each Degree, gives à diſtance vaſtly too 
great from the Ship at g to the Port at G, a mot un 
ſufferable Error. 

know it is objected by fame, that notyithfinding 
What can be ſaid againſt the Plain Chart, it 15 itili the 
mot uſeiul and trequent among us, witneſs a grent 
Part of the Charts and Waggoners that are now extant, 
both in Dutch and Engliſh, at it it the Plain Chart was 0 
groſly falſe in ſo ſhort a Voyage as between the 
two places betore propos d, it would ſeem that thoſe 
Plain Charts and Wa Zzoners ſhoald not be fo much 

a encous 
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ene -ouraged, or being x ved ſhould not anſwer their Ege 
1 ber, I pes it for e granted that thoſe Charts zr 


not grounded upon that Pojection, that the Pee are 


of Lonzitude and Latitude are every where equal, 
thole commoty and properly called Ploin Chart: are 
(for we find no ſuch Thins as Degrecs of 1.cngitude 
upon tem) but they are pro j<ctec Ci i th E ſame round 
that my Third Chart, before inſei cred, is grounded Upon, 
Zig. The True Courſe and Diſtance from Place to Place 
is found, either by the Latitude and 1 e accord. 
ing to Nera. er's Sailing, as I have dire ted in the 
Prolaction of that Chart, or elſe the Ccurie and D.. 
ſtance rom Place to Place is found by Experience ; tho! 
that have fail d there obſerving diligently what Cours 
(with ail proper Allowance tor Variation, Se.) 2 ang 
alſo whit Diſtance carried them from one Place to any. 
ther; and thus comparing their Obſcryatic'is of that 

Lind wich the Olfſervations of others, and correcting 
their Obſervations by their Obſcrved 1 atitnde, &: 
an! thus one obſerying in one Place of the World and 
another in another, and theſęe O ſervations being com. 
pars, and the moſt o zrezahle choſen out and colleded, 
my probably have given Riſe to our large Waggoner; 
nw extant, which, tho' in Form of Plain Charts, yet 
in that Caſe, muſt needs be = and to be depcndc 
upon: For aitho' the World is Giobujar and not Plane, 
yet it is evident, that what is once the Courſe and Di. 
ſtance between any two Places, ſhall always be the 
Courſe and Diſtance between them. As for Example, 
Suppoſe aſter all Allowance given for Variation, Lee. 
way, Currents, Sc. I find that a N. E. by E. Courſe 249 
Miles, or 80 Leazues, carries me from Burkann!ſs to 
ſome known Place on the Coaſt of Norway ; tis certain 
the ſame Courſe and Diſtance made good ſhall always 
do the ſame; and therefore if that Courſe and 
Diſtance was laid down upon any Chart between theſe 
two Places, I might ſafely depend upon that Char: for 
my next going there. 

Indeed it may be je ged. Wis can tell how to 4 


jow {o exactly for Yorntion aha Lee vay, but eſpect- 


as. 3 


2.3 
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al; for untnown Currerts, as to depend upon their 
Reckoning for the True Courſe and Dutance tiom Place 
tO Place. 

{ anſwer, I azree to that; but yet when two, three, or 
more Ships ſail upon the ſame Voyage, and und their 
nearly to agree, this may make them ſame. 


Accounts 13 
hat more confident of their Reckoning, and of tle 
Truth of it, and this I take to be a Reaſon oi the Im- 
cvements that are yet daily made in Charts ani! Wag- 

roners; theſe Charts and Tables oi: Latitude and Longi- 
tude which are of a later Date, having daubtle t 
artained nearer the Truth by a greater Conflue:ce of 
Oicrvations, and thereby dihering more or IeG fron 
theſe of more antient Date, both in Latitude, let 
cheny in Longitude of Places; which Diterence ve 
mutt impute to our attaining nearer to the Truth, and 


to Nittakes formerly com: nitted, the Places thenuelves 
remaining fixed and immoveable as to their 3 
pon the Surface of the Earth. 

From what hath been ſaid it will follow, that it is not 
receſlary to diſſwade any Mariner from the Uſe ol 
thoſe Charts and Waggoners now in Print, but it is ra- 
ther an Encouragement to uſc them, and truit to them 
as very £004 H-Ips ; but let not this he an Indacement 
to Perſons that have had plentiful Experience of the 
Truth and Saficiency of thoſe Charts ani Waggonere, 
preſently to decline the Uſe of them and fall to Wo: 1 
to make Charts of their own, and truit to them, 3; 
they have no other Way for it but that Hypothe's ot 
ſuppoſing the Degrees of Latitude and T.ongituue to be 
every where equal (which I have ſuficiently proved is 
not the Ground of the Þ rojection of tho true Ser-Charts 
now in Uſe) the abſurd and intoletable Falihood of 
which Hy potheſis aforeſaid 1 have ſailiciently proved and 
demonſtrated. | 

Note, Where2s in the Examples before-going, in the 
three Pays Works of keeping a Re honing I 4:4 for 
tis more Expedition find a7 Difzreace ot Longit: ide 


„% the Traverſe Table, „ the Rule there delivered for 
knit pur poſe; but yet it row Voyage 22 long, or near 
the Pole, where the Degrees of Lonzitude grow. much 
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leis, you may, if vou Giitruſt the Truth of this Nlethod, 
Ev mic Your Longitude once in three or iour Days, For 
by this propoſition following. 

The Ship having ſail'd from Latitude 34. ?, ta 1 47. 


1 tude 87. 34, the Proper Difference of Latitude is 295, — 
9 11 the meridional Difference ot Latitude is 305, and 
1 i) parture made good is 105.2 - 
F Therefore As proper Diff. of Lat. 206 Ce. Ar. 5.6854, 8 
| To Merid- Diff. of Lat. 308 — LICE Ir 
| So Departure 105.2 2.02294 the 1 
— 15 OC 
To Diff. of Longitude 183 —_—_— 39 the t 
| given 
Diff. of. Jongitude 188 min. or 3 dep. $ min " Di 
the Longitude come to, dificring ut one minute from Etudt 
what is found by the Traverſc Table, altho' that is 
ound at three Operations. Fo 
And now, ſceing 1 have in the tormer Part of this is 45 
Book laid down Methods ſor the Working the ſeveral whol 
Caſes and Queſtions in Navication, and keeping a mall 
Reckoning boch in Longitude and } atitude, not only 
by given Numbers, which [ have called Arithmotical Ma- 
Gienticn, but alſo without any Books, Tables, or Inſtru- 
ments, by a new Method never yet known, nor pub. Dep: 
liſhed, I ſhall Inftance in the firſt Day's Work in both Give 
Ways of Operation, it being too tedious to Inſtance in 
all the three Days Works, eſpecially ſecing there are 
ſufficient Examples given ot each Method elſewhere; 
and firſt by the given Numbers in Arithmetical Naviga- 
tion, T 
The Courſe that Day 's N. E. by N. 08 Miles. 1 
ö 
The Given Number for three F Df. Lat. is 8415 dece 
Points to find U Departure is 5559 nec 
12 


or 
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lethod, 
Days, For Diff. Latitude For the Departure. 
3 98 2 
0 Lat. $3 555 The Vepartureor 
S 205. pe —— Fatiting 34.39, 07 
8, and 294 400 rather 34.4 
784 40 
— 420 
78974 8134 Diff. Jat. 1.3 | 
30584 Tr. ſhould be 3r.5, bat 54390 
02201 the Error is only * „ and 
5 is occaſioned by emitting 
7399 the two laſt Figures oi the 
cjven Number. L 
nn | Atitude 2 X 
8 "Us Latitude 81 3, or r dey. 21 min. hence the La. 
oe tt 106 come to 18 55 Ges. 20 min. 
al 1$ 
| For Difference of Longitude, the Mille 1 itituge 
this 8 45 48, but the next greater hole Deuree 1s 1 
„era! whole giyen Number in the ſecond Table is TITS but 1 
ig 2 ſhall only ule the firit two Figures 57, . 
* | The Diff. of 
wg Long. o5 m. 
rl or 1 d. 30 m. 
ary Departure with Cyphers 57 N 8 the Remain. 
501 Given Nuzaber, or Diviſors / 310 being but a 
e in Fraci.on of a 
ane 25 Minute, we 
on reject it. 
The ſame Day's Work caſt up by the new Method. 
The Courſe 33 45, or 3375 the Diſtance 08 Miles. 
For the hf Radius tor 331 deg. by Method the 
5 Second, they that can work by croſs Multiplication, 
59 need not reduce the Fraction to a Decimal, but ſquare 
1 28 follows, | 
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18555 
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WI 45 


40 33 uy 33 15 18059 294 
9 7 0 32 8 227 £043 
$ The jam a21n245 7 ad es os 
2.07 7. WS fer. 8 272 
g — 3387 29.20 
11382 . 
Mult. by 3 402 


- ws 


CE —ů—ů—— ů ů — For Diff. Lat. hy Nule the Thu; 
Sum of the Siks 1334 
Did, of the Sulcs 4 


toi the Pro. 
101242 duct and 
161 Diff. Lat. 
— required, 
31 
3 
—— — 


or Diff. Longitade, the Complement of middle La. 
xe 15 35 its Natural Radius is 61: Therefore as 
to 54. 4. 10 61 to Diff. of Longitude, 


1 * 
— 


Cj 3331870 or rather 05 min. or 1 
8 deg. 35 min. the Diff. oi 
Longitude required. 
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ad thus you ſee the Exciilen * and Uſefalneſs of ths 
e Method, by whicu, a no- by ſtreſs of Werther ot 
* : | _ 

Coatity 
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to Depu. Cruelt 8 of Enemi® > 4 LOU Bud 101 all Charts, N 

ay and Inſtramen's, yet you ma Vitnout any of 

im keep as juit an Acgour t ct your Ship's Way, both 

5 \ Longitude and Latitude, as voy can with them; os 

this and other Exanples inſertsd elſcehere in this 
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fg eib: I # 
the Syhere, communty called the Au eme 
WC EUY 0ſt ſe of ihe Vece 27 Oe, & e 


0 8 10 : 
727 Ld 77 7 tj 7 | 4 S. 
Altrenomy may be reſolved Without E⸗e i. 


el ical Calculation, only by the Fieip of 
Scale and Compaſſes. 


e Lai. 
tore as 


2 LTH O' I have inſerted all the Aſttonomicz! 
Diff. ot Tables, ready Calculated, that are of Uſe 5: 
the Practice 6f Navigation, and have alſo laid dent 
2 Method for finding the Varhation of the Logs ils, 
without Azimuth or Amplitude, Cc. yet for the iike 
of ſuch as delight in Aatronom:csl Operations, I walt | 
Ihew the Learner how to 28 all neceflary Auronom: 


cal Queſtions by the Analeiuma, or Orthographick Iro. 


= «3 * Ui 1 P * 0 ! 
: Py pm 4 N 7 * at's 4 P * . k Ss 
, i ct. 'on, nn the Phin of th 2MNilerilian: and in this 
we 1.4.44 n 4 
1 e 7 , [ LT 3 . "I . _ N R Se 7 : | Fi 4 ! 2 Fx... . 
a Neate 0 Profe. en, CAE TEC 13-13 ppoled to Te perpen. 


© 2% 7 {he Ortharraphick Ch. 8, 
ccular to that great Circle upon Whoſe Plain the pro. 
ieciion is made, and at an inünite Diltance from the 
12:4 Circle; ſo that any Line let fall from the Eye upon 
any blace within the ſaid Circle, ſhall be perpenticu. 
Ir to the aid Plain, and then will the Prmuttve Circle 
(or eridan of the Plice, when the Projection is upon 
the Plain of the Nieridian) be a perfect Circle; ay 
r1rot Circles that divide the Projection in 2 equal Parr; 
are flrait 1 ines, or D::mcters, of the Primici ve Cir 
cle; and als ohlique Circles that divide the Pririti;e 
Into two unequal Parts, and yet touch it at O pahte 
Points are $411) -Ellipſcs, or half Oval Circies ; 2.41 2H] 
Paralicls, or ic'ter Circles, are right Lines, cittiiir the 
Primitive in two. ancqual Parts; and Parts of Lit. thi 
irie tor the Colution of any Aſtronomical Qu don, 
ar erte of fone of thofe Circles, or ſuppoſed to be 0, 
«i are Meaured or Proje ed accor ting to the follow! 
Dire© inn... 

The Piim.tive Circle (being drawn with the Chord 
of do Degrees of any Radius large or ſmall) any Part of 
t is Mcaiured upon the Chords to the ſame Radius. 
Any Part ©! a riznt Circ;e is meaſured upon the Sines, 
Any Part of an Oblique Circle (when required to be 
mceaiuret, which is but ſeldom) may be meaſured on 
the Chords, being firſt reduced to the Primitive Circle 
thus, Draw two Lines thro' the two Points in the Ob. 
I. qu Circle, the D:ſtance between which is to be mca- 
tured, and Jet the ſaid two Lines be drawn parallel to 
that right Circle which cuts the faid oblique Circle at 
Right Angles, and Mark where thele two Parallels cut 
the Primitive Circle, and the Diſtance between theſe 
two Marks meaſured on the Chords, is the Meaſure of 
the Ohlique Crrole require. 

, There is no Way to Project theſe oblique Cir. 
diess but by Ending a great Number of Points through 
hien they are to paſs, and fo by a ſteady Hand, or the 
help oa Bow, draw it thro' the ſaid Points; but the 
Oprrorion being tedious, and ot little Uſe, it is ſel- 
corn put in Practice. Nevertheleſs I ſhall hereafter ſhew 
tow thev are donc, as fo all the ref; as in the {ol- 
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to repreſent the Prime Vertical, 


Frijection of the Sphere. 


In Orthoer a} hick Projection of : he 1 ere - 


7 7 
G11 ths { 112 0] the Alter; J 7 E Og 
Jatitude of Lon ben 31—32 
Sins Declination North 2 = 5 


Firft, Wich the Chord of 60, Draw the Circle PE 
2, to repreſent the Meridian ; then draw the 
Demeter FO to repreſent the Heri75n. Fir: 91. 
and at Right Angles to it draw the I. ine . 
then 8 01 th. = I AN 
tude 81 32 (taken off the Chords) from 5 th. , 24 
from H to S, and draw the I. ne 77 & to reprelz 
the Axis of the World, P the North Pole, ant S2 
South Pole: Then at right Angles with the ihe 7G 
draw the Line E ©, to repreſent the Equ tor: fen 
{t the Chord of the given Declination 22. 30 from 7. 
to D, and from ©, to C, and draw. the Ine ) ts 
parallzl of the Sun's Declination: Set oft the Chord 37 


—— 


23 30, the Sun's greateſt Declination from # to 7, 4.14 
from 2 to K, and draw the Line 7 K to reprejeit il: 
Ecliptick: Set off alſo the Chord oi 23 30 from 
to 9 and g, and draw the Line 92 to reprefent c 
Artick Circle, and the ſame from 5 to r.and , and 
draw the Line r to repreſent the Antartick Circle 
Then from P, thro' the Point © draw the Nicridia: 
7 OB; tuns here is given in this Meridian the. 
P and the Point O; then to find the Point 5 ot 


; 8 
Point thro' which this Meridian is to paſs, Civ i, ide tl 
Line EN after the ſame Proportion that the L.inz D F 
is divided, at the Point ©, that is, as F D to O, a 
RE to RB, and make the Mari 225 and by the ſan:e 
Means find the point þ in the Line : Then thro' tue 
Points PYORB with a Bow, S or Bending gra. 
dual; draw the Prick'd Curvinz Line Ph9 ta re- 
nga a Part of another Meridian: All which +. 


ing finiſh'd you may proceed 0 ànſwer the tolo 
P: robie; NS. 
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1. 7 %% the Sun's Longitud: or Difance from the now 


E; 75 7 7 74 6. 
The Sum's Longitud-, or Diſtance from the ney» 
Eauiyoslig! Point, is an Arth of the Ecliptick, confain'g 


between 1s Center R (or Inter ſection of the Ecliptic 
and Eyqguat ) and the Point O, (the Interſection of the 
Ecliptick and Parallel ot Declination) ſo here R © mes. 
Wred cn the Sines, is the Suu's Diſtance irom the next 
1.04'NcEial Point. 


2. Of the Sun's Riabt Aſcenſion. 

It is an Arch of the Equator, contained between tho 
Lquinoctial Point , and the Point where the Meridiaa 
drawn thro” S cuts the Equator, as in &, ſo KG, mes. 
fared on the vines, gives the right Aſcenſion required. 

1,910, if it be thought too much Trouble to dra 
theſe Nioridians, ail theſe Problems, whiclr can be done 
by the Hcip of theſe Meridians, may be done without 
thei, if you reduce the leſſer Circles to the common 
Radimns, therefore “O is the fine of the Sun's right Aſcen- 
on to a leſſer Radius FD; which may be reduced to 
the common Radius thus. Suppoſe I would fin! the 
Sun's right Aſcenſion: Sect F from R to d, upon the 
Linc R H, then with the Extent F©, and one Foot in 
da, deſcribe the Arche; a Ruler laid from R, by the 
Extremity of that Arch will cut the Primitive Circle 
ins; then Hs meaſured on the Chords is equal to FO, 
the Sun's right Aſcenſion required. | 


Note, When any. Arch of a lefer Circle is to be mea. 
fured, it muſt be firſt reduced to the common Radius, 
and meaſured as belore. | 


3. To find the Hour of the Day. 

The Hour from ſix a Clock is an Aeh of the Parallel 
of Declination, contain'd between the Line PS and the 
Point O, which reduced to the common Radius, and 
meaſured as in Problem the ſecond, gives the Degrees of 
a great Circle, which, allowing 15 degrees for an ones 
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and one degree to 4 Minutes of Lime, z ives fc nur 


from 0. 
4. To „ 4 nl t ho Timo * 5 4 43. ＋ i en nN 


- 


The Arch Fy reduced t b. e cn Role by 
Prob. 2. and tlie Der CES 3 0 ** AI l 5 1 b 


4 'VES the Hicu; hat the ' Son F 3 bel 4 6 Ir ein 
alter 6. 

Note, If the Sun had Tad 25 7.55; Sonth Feeling. 
tion, it muſt have been 13 ⁰n le Par e 
2 and then the Arch Þ 7 rediice ns Abs 3 th 3 547 
oiven the ime oi Sun's Rifing alu, or Sctiln. boi 
0 2 Clock. 

Jo find the Length of the Nev of 77.77. 

7 hat part of the Parallel o: INel inte neh 5 ihove 
the Horizon, reduced as in_Prcb. z and z, u dau ed gives 
the Length of the Lay, and that Part u nich is 1 » 
the Horizon gives the ſenzth of tue Nit: I hus 0 
815 the Lens th of the I: Ren ol rad Fi t. — . | + 51 112 


Night, when the Sun hart 23. Jo North Poctiruciong 
and Fh gives the Length of ter Dan, au! / mm ts 


Length of the Night in the ſume Soath Beeli satten. 

6. To find the Sun's Ampliil us. 

The Sun's Amplitude is an Arch of the Horizon con. 
ta:ned between the Eaſt or Wet -Poinn and die Point 
here the Sun riſes or ſets: Thus e is ne Aublitude 
in North, or KR þ in Sout:2 won ie . en beg: my 
it is an Arch oſ a great Circle is menlured en the Sings. 

Note, The Amplitude 15 an 153 Ci the fate ! enn. 
9 with the Declination, «whether IS ut! 

To find whet Hour I be dn <4 le dur Lan or auß 

The Sun is Eaſt or Weil when in the ine Z N. nd 
it is 6 a Clock when the Sun is in the Lia P, there. 
fore the Arch & F, reduced by I. z and 2, ives the 
Hour after 6 in the Morning, that th Sun 18 due E SUE 
or © in the Evening that it is dur Weſt 

8. Jo find the Sun's Altitude when Fag ir Weg. 

The arch R-X meaſured on the Sines, Fa Foe the Sun 
Veſt. 
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The Arch F equal to Ra, mea:ured on the Sins 
* ® , A . Fu Toy 
gives the Sun's Altitude at 6. 


ro. To finl the Sun's Azimuth at 6. 

The Arch @ #\, reduce by reh. 2. gives the Aiman 
at 6 required, accounting the Azimuth from the Fa 
or Weſt ; bit it irom the North the Arch F regu: 
as belore aniwers the Prot/ci. 


11. To fin th. Sun's Aziumth at any given Four: 
ſuppoſe 5 in rhe Morning, or 7 at Light. 

{ have thought fit to infert this Vrollem, not only fo: 
its Uictulnel, but Þccauſe it is performed by anothe: 
Method of reducins a lefſer C:rcie to the common Ry. 
dus, Which is the Inverſe of that Way ot reducing 
mention'd in 7. 2. As for Example, Becauſe ; in 
the Aiorning is one Hour before 6, and every Hour ct 
Time is «qual tot; Degrees of a greater (or leſſer) Cir. 
cle; therciore ſet off 15 Degrees from F towards 3, 
which is done thus. 

Set off FC from R to 4 upon the Line R H, Set of 
15 of the Chores from H to z, and draw the prick'd 
1 ine K 2, the neareſt Diſtance from the Point 4 to that 
T.ine ſet from F to / is 15 Degrees, or an Hour o 
Time in that leTer Circle, and the Point 7 is the Place 
of the Sunat 5 in the Morning, and the Arch / re- 
duced to the common Radius by Preb. 2. gives the Sun's 
Azimuth from the Eaſt Northwards at 5 in the Mara— 
ing, or from the Weit Northwards at 7 in the Lyen- 
ing; and by this Method you may ſet oF any Number 
of Degrees upon any Parallel or leffer Circle, a Thing 
ot great Uſe in Orthographick V-016 0), 
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Of the Stereographick Projection of the Sthere, 
upon the Plaue of the Meridian. 


Tereographick Projetion of the Sphere (as wel! as 
Orthographick) is a Branch of Pcripectiive ; 
in this the Eye is ſuppoſed to- be placed in the Fig. 356. 
Pole of that great Circle upon whole Plane the 
projection is to he made; but in the Pole oppoſite to 
that half that is to be Projected, the ſeveral Circles (TRY 

»'d to be transfterr'd to a Plane biſectin; the Sphete 
in the Circle upon which the Projection is made, and 
this Projection hath this Exceilency that no gather Pe 
ſpective Projection is capable of; for upon this all 
Circles of the Sphere greater or leſſer, (except right Cir- 
cles) are alſo G:rcies upon the Plane of the Project 21, 
and will anſwer the Appearance, and the Laws of iro- 
jecting and Meaſuring as weil without the Primitive 
Circle as within it, which makes this Projection more 
Commodious and more Practiſed than any other. | 

In this Kind of Projection there are tour Sorts of 
Circles, ig. The primitive Circle, a right Circle, an ob- 
gue Circle, and a parallel Circle. 

1. The Primitive is a perfect round Circle, upon 
whoſe Plane the Projection is made; and in this Cass it 
is the Meridlan of the Place; as here the Circle Z HY 0 
iᷣ the primitive Circle. 

2. A right Circle is a ſtrait Line, or Diameter of the 
primitive Circle, which cuts the primitive in two op- 
polite Points, and divides it into two equal piris, as 
# 4 0 the Horizon, or EA the Equator, Se. 

3. An oblique Circle cuts tie Primitive it fv op- 
Polite Points, but divides it not into two eyjuai 2.7, 
33 Z ON, an Azimuth, or POS a Meridian. 

4. A parallel Circle is a leſſer Circle, neitticr oth; 
primitive in oppoſite Points, not dividts if in 
7 © 
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do equal Parts; thus the Center ot the Circle 29 


j 1 
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| - falls in the richt Circle EA, and if you 
hive three Points, as £ S N, thro' which the Circle 1; 
to pais, the Center is ſouni by the ſixth Geometrial 
Pref?! t tne Beginning of this Book ; but 1! you haye 
given the Angle that the oblique Circle is to mah 
with the primitive Circle, ſet the Tangent of the f: 
Angle from 4 upon the Line HAO, or with the 
Sccant of the aid Angle, and one Foot in Z or &, with 
the other croſs the Line HA, either Way you ſhall 
find the Center of the oblique Circle required. 

4. For the Center of a parallel Circle, having it! 
Diſtance from the right Circle, to which it is Parallel, 
given, fet off the Chord of that Diſtance upon the pri- 
mitive Circle from each End of the right Circle, an! 


F 
- 
" 


the half Tangent of the ſaid Diſtance from the Center 


upon that right Circle which cuts the other at right 
Angles, and io you have three Points thro* which the 
Parallel :s to pals to find its Center by the ſixth Geo. 
metrical Problem. 

Or thus, Suppoſe I would find the Center of the Pa. 
rallel of Declination D © F, ſet the Tangent of the 
Complement of the Sun's Declination from D or , or 
the Secant of the ſame from A upon the line $ AP 
continued, and that ſhall find the Center required. 
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pR OB. II. To fu! the Pele of any Circle. 


„The Pole of any great Circle is always 99 Geg. 
tom its Periphery : Therefore, 
The Pole ot the Primitive is always at its CZuter 


2. The Pale of 2 right Circle is always in the Pr. 
nitive, as the Pole of the right Circle J 10 is at A, 
and the Poles of the right Circle E A arcat Y and 
12 

4. For the Pole of an oblique Circle, 25 ſuppoſe the 
Circle Z G, obſerve where the ſaid oblique Circiz 
eins the right Circle, Which it cats at rizht Anales, as 
here in the Point G, lay a Ruler from Z to 8, it its 
the Primitive in y; ſet oft go of the Chords from v ta 
h, a Ruler laid from Z to K cuts the Circie a 0 in 

„the Pole ol the oblique Circ „ TEQU:re: 

The Pole of a parallel Circle is always in the Pole 
91 5 richt Circle to W It is paiailet; thus the 
Pale of the Parallel D& Fis at P, the Pole ot che ret 
Cie EI Kc. 
Note, An Arch of a pirallel Circle is never made 24 
Sik of a ſpherical Trinngle, they being 1] &mnvmoſed 


of arches. oi great Circles, Wuethcr Primitive, Right, 
or Obliqtie. | 
ROB. III. 22 Prod au gits Angle. 

1. To make an Anale of 23 $39 at the Center ot the 
Primitive with the right Circle E 2. 

Set 23 30 of the Chords from ½ to 9, and from 2 
to /, and draw the Line or right Circle /, it makes 
at A the Center] tne Angle required. | 

To draw an oblique Circle to make at Z an Angle 
6i 15 De-xees with the Primitive. 

The Center of this Circle will fell in the rigut Cir- 
cle H 40 by Prob. I. Set the Tangent or 48 the giv en 
Angle from "4 towards O, it will reach to r, then upon 
7 a5 a Center with the extent r Z or r.N draw the 00. 
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lique Circle ZN it will make at Z the 
quired, 

3. To draw an o'n1Gue Circle ta make a gion Ap, 
at the Primitive with ancticr. obligue' Circle, ts f 
IT would draw an oblique Circle, to make a” Pan Anz! 
of 48 Degrees with the oblicas Circle P. l 

Lay 2 Scale om to (t the Point where the oblicy 
Cir ele cuts the riglit Eircle in which itz Center falls 457 { 
it will cut the Primitive in u, fer the given Angle 
ot the Chords from: to & a Scale wane from. P to: x un 
cut the forcſaid right Circle in , draw the Circle PyS$ 
by Prob. 7, it is the obl: ique Se required. 

4. To Projcc any gives Angle within the Primitive 
but not at the Center. 

We ſhall add this general Rule. to what was lai] dong 
Prob. 1. 27g. that as 1 fail there the Centers oi all ob. 
lique Circles fall in that right Circle, which cuts them 
at right Angeles. I ſhall now add, that the Centers of 
all oblique Circles that paſs thro' the ſame Point in tie 
right Circle, do fall in a right line drawn thro' the Cen- 
ter of the ſaid oblique Circle, and at right Angles with 
the ſaid right Circle; Example, becauſe the Point 7 is 
the Center of the oblique Circle Z GN, therefore the 
Centers of all ot lique Circles that paſs through tie 
Point G ſhall fall in the Line c d continued, which paſſes 
thro' the Point r and cuts the ſaid ri:bt Circle at, rizht 
Angles, Cc. which being well underttood the Applic: 
tion is eaſy ; as for Inftance, it is recuired to draw 2n 
oblique Circle thro” the Point G in the right Circle 
HAO, to make with the ſaid right Circle an Angle ot 
55 Degrees. 

Lay a Scale from Z to G it will cut the e tive in 
s, the Arch Hy meaſured on the Chords is 48 Degrees 
(the meaſure of the Angle HZ G. 8 let the 
Tangent of 48 from 4 to r, and thro' r at right Angle 
to the rizht Circles 7 40 draw £4 cortinued, then with 
any Radiue and one foot in & draw the Ack FR, and 
from the ſame Radius ſet of 3; Pevrees (che Cor _ 
ment of the Angle to be made at G) from f to , 
Scale laid tro G to:; will cut cd in mw, with the * 
m (3, ind one gat - Jeſe ribe the obligue Cir 5 Nc 
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it is the Circle require, and makes the given Angle 
it G with the right Circle HA. 

Theſ2 Directions, with the Rules for Viexſtring Arches 
of Circles and An les Which tfnllw in Or er, will be 
ſuſtit ent tO nitract the Learner in Proje tin, any An. 
2 required to be made Ly a given oblique Circle 
with another ohliqte Circle to he a tcd and through 
a given Point in the fai Circle; but there is in this 
which is: 


5 5 


Cale 1 ? 101 ther V ar! In 


To: raw 4 ri: . to mike with an oigae 
5 e ny R Nos e; m order to the Underitinling 


ich . 
'Th it tue diit ance between the Poles of uy LA great 
C:rcies (meaſtr red upon à great Circie drawn bei 
the ſaid Polrs, i? equal to tne: A cle made be the Ip. 
ref ion Of the Tail Ci: = and. CO:hovgnently to pr joT 
the ſeid ziven Angle is but tae rs „: the iurimer ; for 
avez found the Pole oi the Siren oblique 


* 3 Rule erty, Le nece ry. 2. 


1 5 ES J . 
Lire. Aran 2 


le 1 Circle about the fai Tale A nc lrom 't, en'14) . 


Qua: ntity of the 5 nale propoſed "ag wicre that 
Paratt cee tue Pruniti Taal! | HE NN Pole of the right 
Circle, trom which it 5 90 Degrees both ways upon 
the Primitive, thcie points and the Center fhall he 
three Points in 4 rleht Ling tary winch I” right Circle 


to be drawn, and v.here-ever it inter iects the oblique 
Circle it makes the Angle required to be "I But that 


{nterfection 
to Araw a Pa- 
en Diſtance from 


Interiection is conhned to tnat Port of 
only; but as we have not yet taught ho. 
rallel to an oblique Circle at ad 
it, it ſhall next follow. 


PRO B. IV. To draw 4 Paralls/ 76 an ebliguc Cir- 
cle at any given Hiflance fron it. 


Tt 16 required to draw 2 Circle Paralle to the o 
Circle h zo Degrees diſtant lrom its Pole. 

Find the Pole of the oblique Circle by Prog. 2. whick 
wall be found at /, lay 2 Scale from 5 to Fit will cut 
che Primitive in / 't 60 Degrees (the Parallels Di- 
auge from the 1“ of the oblique Circle). both ways 
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from / to P and, a Scale laiu from Sto will ut 17 25 


4 ' „ X . ' 4 
T4 * OF I Rape = 8 A WW 13e 11 7 * = liter 91 the ( ITE 7 Al. 


1 © id tron & ton will cut / 4 ontinue F in a, 
the e. ed equally in 7 with the Exteut 9 
r Hat int Celcrive the Circle a A, it 
the ran regie, and 3 Pole is alſo the 
le oft the obiiiue Circle - & to which it is Ps. 
rallel. 


NOB. . 20 [ct off any Bj ber of Dezy "Cid, en 8 


Treat Cite. 
©. 


In this Problem are three Vericties.. 
1. To fr ol ary Number of Degrees upon the Pri. 
ſc gr deg. 32 min. trotu O upwards 
Take 31 22 off the Chords, and with that Extent 
and 0::: fur in O, the other will reach to 7, the Arch 


1 

G.: tins 81 32 as required. 

2. 1o fret off an Number of Degrees upon à right 
Circle; ſupp. nle 22 3c 2: the Center A tos ars P. 

Tate n half Langent of 22 30, and ſetting one 199! 
in LE other will reach to h, and the Arch 4b i 
22 „ reviaret, and þ P its Complement to go, 715. 67, 
280. 

Nette, If you Tet oft any Number of Degrees upon 2 


right Circle from the Centers vou Tut account from 
the YLeomm ng on the half Tangents, and reckon forwards; 
but if yon bein zt the Primitive, you muſt alio bein at 
2 of the half Lansents and reckon backwards; thus 
if you hid to fei 07 % irom F you muſt take 67 30 
bachwards, Tg. from 00 to 22 30, which vill reach to 
D as hcjorc. | 

I: tif you have any Degrees to fer on upon any in. 
to, mediate Arch between the Center and the Periphery, 

s Jometning more diſhcult; but the following Rule 1s 
\ niverial in all Varietics of this Problem 

Ser the age of 22 30 from E towards Z, it will 
reach to 4, lay a Scale from & to g it will cut PS in 4, 
then is 4% : 30, as was required, 
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232 Cf the Stereogr Hi Ch. 8. 


Ste reograt hie Projection of the Sthere, uf- 
on ihe 4 lane of the Meridian. For, 


d. m. 
Latitude of Londos 6 1—32 
Sun's Declination 22—30 


4% to Proj"? the Sphere Stercographically upon the Plast 
of the Meridian. 


Firſt with the Chord of 60 Degrees, and one Foot 
of the Compaſſes in the Center 4, deſcribe the Pri. 
mit1'e Circle Z HN O to repreſent the Meridian ; raw 
the Diameter H AO to repreſent the Horizon, and at 
right Angles to it, draw the Diameter Z AN the Az. 
math of Eaſt and Weſt; Then becauſe the Pole is 514 
32m above the Horizon, ſet off 514 32m of the Chords 
from O to P, and from H to &, then is P the North 
Polc, and 8 the South Pole: Draw the Diameter S, 
the Axis of the World, and Hour Line of 6, and at 
right Angles to it, the Diameter E & the Equator : 
Alſo becauſe the Sun's Declination is 224 30m, draw 
the Parallel of Declination 1 at 224 20m diſtance 
from the Equator Northward, by Prob. x. hereot. Now 
the Sun.being in the Parallel g© F, and alfo in the 
Ecliptick q © :, it muſt be at the croſſing of thoie Circles 
1g. at the Point O, which is the true Place of the Sun 
in the Projection, which being found you have three 
Points, Z, „N, thro which to draw the Azimuth Z O, 
and 8 points POS, through which to draw the Meridian 
PSS, both which are done by Prob. 1. hereof ; and then 
the Yar. iel F 1s the Parallel deſcribed by the Sur's 
Motion, that Day the Sun Riſing and Setting at g, and 
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at 6 a Clock at h, and Eaſt or Weſt at m, and upon the 
Meridian at 2, Sc. which is ſo intelligi le that it needs 
no further Illuſtration. 

For the Eclptcx, ſet off 234 zom (the San's creat-. 
et Declination) rom E to 4, and from 4 to , and 
craw the Diameter g , Which ſail repelent the tclip- 
tick. 

By Preb. 1. hereof, Draw the Meridian P &, and the 
Azimuth Z h N and thro' the Point © (where the j.clip- 
tick cuts the Parallel ot Declination) draw the Nierid:un 


POS. 


1. To find the Sun's Longicude or Diſtance from the 
neareſt Equinoctial Point. 

The Arch of the Equator 40, meiſured on the halt 
Tanzents, and the Dezrees and Minatcs found reduced 
5 Gregg Degrees and Minutes of the Echptick, allow 


zo Degrees to a Sign, Sc. gives the Sun's Longitade 
re 


— 


2. To find the Sun's right Aſcenſion. 

The Arch of the Equator At meaſured on the half 
Tangents, | gives the Sun's right Aſcenſion when he is 
in Aries, Taurus, or Gemini; but 11 in Cancer, Lee, or 
Virgo, the Degrees ſo found ſubtracted from 190, gives 
the richt Aſcenſion: And when the Sun is in Libre, 
Srorpic, or Sagittary, the Degrees 1o found ade} to 
180, gives the right Aſcenſion , but it in Capricorn 
far lat, or Piſces, the Degrees ſo ſound ſubtracied 
irom 360, ſhews the Tight Aſcenſion required. 

Nete, For finding the exact Degrees and Minutes of 
the Sun's right Aſcenſion, the ſame Rules of adding and 
ſubtracting the Degrees found are to be uſel in the 
Orthographick Projection allo. 


. To fin1 the Hear of the Day. 
Obſere where the Meridian P O cuts the Equator, 


as in f, the Arch At of the Equator meaſured on the 
halr Tangents, and reduced to Time, allowing 15 veg. 
to an Hour, Se. gives the Hour paſt 6 in the Nor ning, 
er the Hours wanting of 6 at Night - 
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234 Je Sterepgraphich Ch. 8. 
Or thus: In the Oblique Triangle Z J , the Angle 
at „, meaſured by Prob. 4. and reduced to 1 me as a! ore 
b 


gives the Hours wanting of 12, if in the Forenoon, or 
the Hours paſt 12, it in the Afternoon. 


4. To find the Time of the Sun's Riſing and &. tins, 

Thro' the Point g (where the Parallel of Decli: natign 
cuts the Horizon) draw the Meridian 7 g, and obſgree 
where it cuts the Equator, as in 4, the Arch 4þ mei. 
ſured on the half Tangents, and the Degrees reduced t 
Time, give the Hour and Minutes that the Sun rie; 
beſore 6 in the Morning, or ſets alter 5 in the EYE % 
ing, or it in South Declination, where tae P:- 1/6 
Declination inter'ets the Herizon on the er Side 
of the Line PS, or Hovr Line of 6, it gives Sun's Ri. 
£15 atter 6, or Settit: ,7 before 5, c. 


5. To finl the Length of the Day or Night. 

The Hour and Minute of the Sun's Setting dovbled 
TIVES the Lc nvtHh of the Day, the Time of Sun's Riſing 
doubled gives the ſength of the Night. 


G. To find the Sun's Amplitude. 
The Arch of the Horizon Ag (beins an Arch con- 
t ud between the Sun's Riſing or Setting at g, and 
the due Eaſt or Weit Point at A) meaſured on the half 
Tangents gives the true Amplitude from the Eaſt or 
Weſt required. 


7. To find wha? Hau the Sun will be Eaft er JI ef. 
The Son is Eaſt Ar Welt in m, the Point where the 


Parallel of Declination cuts the prune Vertical, or Eat 


and Wet Line Z AN; tkerefore having drawn the Me- 
rMian Fus, obſerve where it cuts the Equator, 3s at 
e, then A mcaiure] on the half Tangents, and re- 
tuced to Time, gives the Hour after 6 in the Morning 


that the Sun is dae Uaſt. or the Hour before 6 in the 


Ltuing that the Sun is due Weſt. 


8. 70 


l. 8. 


\n e 


Ove, 
13 Or 


T9 


Sec. 2. Projection of the Sſ hefe. 235 


8. To find the Sun's Altitnle when d? cr . 
The Arch Am, meatured on the half ! antents, 32 


Cers the Queition, and gives the Sun's Ait.tuie wher 
Eaſt or Welt. 


0. To fint the Sun's Altiti 7 77 6 {7 ( / ck. 

The Sun is in th- Point b at 6 a Clock, there fore the 
Arch /e meajurea by Ie. 3. vives the Sun's Altitude 
zt 6 required. 


10. To find the Fun, Aginuth at 6 Cees. 

The Arch of the Horizon Je, meaturcd en the b 
Tingents, gives the Suu's Azimuth from tie al or 
Welt required, whole Complement to go is the Arimath 
ſrom the Nortn, Ec. 


tt. To ,n the Suu's Azimuth at any Hour or Aititu e, 
as ſuppoſe when in ihe Punt © in this t'rige ion. 

From Z to N, and tirg' the Point C, draw the Azi- 
muth Z ON, as beſore directed, and ol!ferve where 
it cuts the Horizon as in G, then the Arch 4G mea-— 
ſared on the half Tangeuts, gives the Azimuth from the 
Laſt or Welt required. 

Thus have I given you a Taſte of all the moit uſeſul 
Probloms, relating to the Orthographick and Stereo: ra— 
phick Projectivns of the Sphere; of which 1 ſhall 40d 
no more at this time, but proceed to Spherical Trigo- 
nometry, and its application to Practical Aſtronomy, in 
their proper Places 
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8 E CG T0 III. 
Spierical Trizonoueti'y. 


A S plain Trianoles, confi of three right line Sides 
Fs of and three 4nzles made by their Interſeckin⸗ each 
other, {cs 1 1 Friangles "Is made by the Inter. 
ſoctian of the Arches of three great Circlzs of the Sphere, 
and wi, * there are three forts, 9g. right A! led, 
Clique, an! Quadrant?), but the two firſt kinds are 
moſt in Ele and as theſe great Circles of the Sphere 
are either Merid:ans, Azimuth's 35 Sc. when they inter. 
iet cach other ſo as to make a ſpherical Triangle, the 
folution of ſuch Trian+:les is whit is generally Called 
Aſti ronẽ my. 

In ſpherical Triangles obſerve theſe Solutions. 

1. Each Triangle hath 6 Parts, v. g. 3 Sides and 3 


Anzles, 

2. In right Anzled Triangles there are 3, called 
circular Parts, vis. the two Legs, and Hypotenuſe, 
ani > acute Angles, the right Angle being not look d 
"TO as any pare in this Caſe. 

Of theie 5 the.e are always two given and one 
requ: red (theſe two and Radius being ſufficient to find 
our the jourth Term required) and of theſe three 
there is always one called middle Part, and the other 
tuo are wither Conjuncts, or Disjuncts, vis. eicher both 
next middie Part, or both ſeparated from it by a Part, 
not mentioned in the Queſtion, as in the Scheme, ſup- 
pole iu the Pentagon ABCDE, if AB and E were the 

Parts mention'd {whether given or required) 
J. 81. A would be middle Part, and B and E would 
be ConjunAs, but if DA and B were given, D 
would be middle Part, and 4 and B Disjuncts, ard if 
this be underſtood of the Fentagon it may be as 
readily underſtood ot a Triangle; for ſuppoſe 
J. 82. the three fides AC and E, and the two Angles 
E und D all which 2re: called circular 2 

n ang three of them the Parts given or required ; 
cr inftance. i £5 ed 3 then C ucuid be mig! 'e Part 
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and B and J Conjuncts, or it AC and D were the Part 
given or 3 A would be middle Part, and C 10490 
D Disjuncts, f ecauſe B is between A and C, and E is be- 
tween 4 aud Dy 9, 

J. Then the fundamental Proportion is, 45 Ralizs 
t Tangent ” one ConyinT, fo JA "nr of toe other Con- 

n7 to Si of g Part. 

"And As jeadius to fine Complement, &f on: 7) 170 *. 7, 
Sins Complement of the ther Digqun@ io Li of e Pat 
1 

. The Hypotenuſe and two acute 85 des, 7s. 1 


= D are called by their Complenen:: that 1 any 
of them are middle Parts it is c alled 85 ie Complement 
inttead ol Sine, or if Conjancts they are calico 333 
Complement inſtead of Tangent, ang vonſeguently 157 
Disjuncts they are called Sine inſtead of Sine Coiuple- 
ment, Se. 


6. As in the fundamental proportion middle Part 10 
the laſt Term, it will follow that if middle part Le g. 
ven, and a Conjunct required the proportion m::{} To 
inverted, viz. 4s Tangent of the given Conpur.? T to Rg. 
aius, /o Sine of middle Part to the To ngent of 15 | 
Conjunf?, &c. Underſtand the ſame of Disjundts. | 

7. In all ſpherical Triangles the Sines or the Sides: 
Proportional to the Sines of their oppotire TY les, "VIS, 
as Sine of D to Sine of B, ſo Sine of At 
Sine of C, and ſo Radius to Sine of E, Oe. JI. 82. 

8. Oblique Triangles may be brought. under 
the foregoing Rules by letting fall a Perpendicular ard 
working it as two right Angled ones, only oblerve to 
Let your Perpendicular fall from the end of a crucn Sie, 
ant oppoſite to @ given Angle, which when rg e, all che 
Twelve Cafes in Oblique may be periorin'd by theſe 
Rules, and the following Concluſions. 


4 


CONCLUSION 


r. The Cofines of the Angles at the Baſe are di. 
rectly Proportionable to the Sines of the Vertical Au- 
les. 


2. T1ze 
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2. The Sin:s of the Baſes and Tangents of the Anizlky 


at 8 Biſe are Reciprocally Proportional. 
The Cofines ct he Segments of the Baſe and Co. 
1055 of the Hypotenuſcs are in = t Proportion. 

4. The Tansents ot the Hypotenuſes are re <iprocally 
Proportional to the Coſines of = "Vertical Ang 

5. The Tangents of the Baſes are Proportiona al to the 
Tangents of the vertical Aneles. 

6. In al: oblique ſpherical T riangles when a Perpendi. 
cular is let fall from the greatelt Angle to the greats? 
Side, » wi ill be, as Tangent of half the Baſe to Tay zent 
of half the Sum of the Sides, fo Tangent of half the 
Difference of the Sides to Tangent of half the Differ. 
ence of the Segments of the Bile; which halt Difference 
being added to the halt Baſe, the Sum is the greater 
Segment, hat ſubtracted from it, the remainder is the 
Iefer Sea ment. 

Theſe are ſufficient for all the 28 Caſes, yet for Va. 
ricty I ſhall inſert another Operation where three Siles 
are given to find an Angle, v5. 

Add the three Sides to zether, and from their half 
Sum, ſubtract the Side oppoſite to the Angle required 
then to the Complement Arithmetical of the Log-Sines 
of the containing Sides, add the Log-Sines of that half 
Sum and remainder, half the Total of theſe tour Loga. 
rithms is the Sine Complement of half the Angle re- 
quired. | 

Theſe Directions well underſtood, being fufficient to 
ſolve all the 28 Cafes of ſpherical Triangles, I ſhall 
give a brief Inſtance in each Caſe, to help the Memory 
as well as the Underitanding of the Learner, and ſhall 
apply them more largely when I come to ſpeak of Aſtro- 
nomy it ſelf. 

Note, I ſhall for brevity fake put & for Sine, SC for 
Sine Complement, 7 for Tangent, 7 C tor Tangent 
Complement, and R for Radius ; "and ſhall on! ly mention 
the Proportions there, and {hall perform the Calcula- 
tions from the ſame Reaſons afterwards; Note, Mark 
the given Parts with a daſh thus 1 the required thus o. 
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Ae. Lig. 2. 


O Ang le 42 


oe Hyp. 400 


Here by the foregoing directions A is middle Pare, 
and „ and AB are Comun'ts, and though middlæ 
part is a Sine, yet being an Angle it becomes a Sing 
Complement, allo A D being a Conjunct ſhould he 2 
Tangent, but being the Hy potenuſe, it is a Tangent 
Complement, likewiſe becauſe middle Part is 919 
the fundamental Proportion muſt be inverted, all which 
being conſider'd the Analogy is. 


At T.C:.ADtwoR: ſo SC. 1 to T. 148. 
CASE I 


Giyen Required AB 


Fig. 84. 


Gicen the Hypotenu/e and an Angle, to find the Les uf 
Poſi te to the given Anele. 


O The Angle AC Required B D 


88 Hppotenuſe AD 5 


Here B D is middle Part and AD and A are Dif. 
juricts, theretore the Proportion is 
As Rad. to S. AD, ſo S. 1 to S. B D. 
CASE III. Hg. 85. 
C wer the Hypotcnuſe, and an Angle i find the aber 


Angle. 


Gnen fr at ADOpequired the Angle D 


Here 


240 Spherical — 


Here AD is middle part, and the Angles 4 
are Conjimcts, therefore the Proportion is: 


and D 
As IC. A to Rad. ſo SC. AD to T. C. D. 
CASE IV. Fiz. 86. 


Givcn the Hppotcnuſc and à Lee, to fin! the Arle ig 
cluded between them. 


{ Hypot. A D 


Given Leg 45 TRequired the Angle 4. 


The Angle 4 is middle Part, and AD, and 4B are 
Conjuncts, theretore the Proportion is: 


As Rad. to T. 4B, fo TC. AD to SC. 4. 
CASE V. Fig. 87. 


Given the H polc 2 e and 2 Leg, to find the Angle eps. 
fite 10 tbe gien Leg. 


( Hypot. AD 


Giyen 3 Les AB FRequired the Angie D. 


Here AB is middle Part and 4 D and D are Disjunds. 
therefore the Porportion is: 


As S. AD to Rad. ſo S. AB to S. D. 
CASE VI. Fg. 88. 


Given the Hypotexuſe and a L, to find the other Lg. 


Siren 1 4 P Lyequired B D. 


Here 


Ch. 5 


Ch. 5 


und 5 


isjuncts, 


er Leg. 


Here 
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Here AN is middle Part, and AB and BD are Dif. 
qancts therefore the Proportion is: 


As SC. AB to Rad. fo SC. AD to SC. B D. 
CASE VII. Fiz. 89. 


— 


Given an Angle an Leg odjacent, to find the Leg PP:/3te 
to the eivca An: le. 


Given Fog þ N Redured the Leg FG. 


In this Caſe E F is middle Part, and the other Parts 
are Conjuncts, therefore the Proportion is: 


As TC. E to Rad. ſo S. E F to T. FG. 
CASE VIII. Fg. go. 


Ciren an An;le and @ Leg adjacent, to find the Ang le 
oppoſite te the given Leg. 


| Angle F? ; 9 
Given 3 LezE Fj Required Angle G. 


Here the Angle G is middle Part, and EF and E are 
Dujuncts, therefore the Proportion is: 


As Rad. to SC. E F, ſo S. E to SC. G. 
CASE IX. Tig. ot. 
Groen an Angle and & Leg adjacent, to find the Hypote- 


nuſe. 


Angle E) . 
Given Side E F Required EG. 


The Angle F is middle Part, and EF and EG are 
Conzuncts, therefore the Proportion is: 


n T. EF to Rad. ſo 8 C. E to TC, EG. 


R CASE 
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CASE X. Fig. 92. 


Civen an Angle and 4 Leg oppoſite, to find the Leg adjacent 
to the given Angle. 


a Angle E? 3 
Given ry FG Fequired EF. 


The Side EP is middle Part, and Angle E and Side 
FG are Conjuncts, therefore the Proportion is: 


As Rad. to T. FG, ſo TC. E to S. EF. 
CASE XI. Fg. gz. 


Given an Angle and @ Leg oppoſite, to find the Angle 
adjacent to the given Leg. 


Given Leg FG Required Angle G. 


Here E is middle Part, and FG and angle G are 
Disjuncts, therefore the Proportion is: 


AsSC. FG to Rad. ſo SC. E to S. G. 
CASE XII. Fig. 04. 
Given an Angle and a Leg oppefite, to find the Hyps- 


tenuſe. 


Given 7. 6 Required EG. 


Here FG is middle Part, and EG and Angle E are 
Disjuncts; therefore 


As S. E to Rad. ſo S. FG to S. EG. 


CASE 


Sed 


jun 


and Side 


e Angle 


G are 


Hyps- 


ASE 
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CASE XIII. Fig. ps. 
Given the Leg to find an Angle. 


Given * 7 7 4 Required Angle H. 


Here H is middle Part, and IK and E are Con- 
juncts, hence the Proportion is: 


As T. IK to Rad. ſo S. H to TC. F. 
CASE XIV. Fig. g6. 
Given the Legs to find the Hypotenuſe. 


les HI | 
Giren 12 K $Required H K. 


Here HK is middle Part, and H and IX are Ds- 
juncts, therefore the Proportion is: 


As Rad. to S C. HI, ſo SC. IK to SC. HK. 


1 


CASE XV. Fig. 97. 
Given the Angles to find a Leg. 


. Angle H ; 
Given Angle Required H 1. 


Here the Angle K is middle Part, and H and Angle 
Hare Disjuncts, therefore the Proportion is: 


As S. H to Rad. ſo 8 C. K to SC. H 
CASE XVI. Fig. 98. 
Given the Angles to find the Hypotenuſe. 


Given A i { Reguired HK. 
K-3 Here 
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Here H# is middle Part, and the Angle H and K 
are Conjancts, therefore the Proportion is: | 


As Rad. to T C. E, foTC. K to SC. HR. 


Theſe are the 16 Caſes of right angled Triangles, and 


are all perform'd by the Fundamental Proportion com. 


monly calt'd my Lord WNepairs, mentioned Solution the 
tourth by the help of the Directions in Solution 2, Fg 
2nd 6; the other 12 Caſes are in oblique, and are per- 
form'd by Solution 7 and 8, and the Concluſions follow. 
ing them. | 

Note, When we reſer to any Caſe, we mean ſome of 
the 15 Caſes ot rightanzicl Spherical Triangles 
before. ol. 


Culique Angles. 
CASE I. N. o9. 


2 Lie, an an Angle oppeſiie to one of them being given, 
to find the Angle oppoſite to the other. 


Note, It is to be known whether the Angle required 
be Acute or Obtuſe ; for if it be Acute, the Sine, Tangent, 
Sc. that the Operation produceth, is the Sine, Tangent, 
Sc. of the Angle required; but if it is Obtuſe, the De. 


gree found ſubtracted trom 180 the Remainder is ths 
Degrees of the Angle required, 


The Side LN) 
Given The Side NM Required the Angle L. 
The Angle M 


The Solution of this depends upon, pig. 
As S. LN to S. M, ſoa S. NM to S. L. 
CASE II. Fzg. too. 
Two Siles beine given with an Angle oppoſite to one of then, 


to find the Angles included betwcoen the given ow 
| Iven 


h. $. 
id K 


9 and | 


(Om. 
1 the 
3» 33 


C per- 
)llow. 


me of 
ingles 


hen, 
es. 
Given 
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The Side L V) 
Giyen < The Side X 17 Required the Angle V. 
| C The Angle Af 5 


Let fall the Perpendlicular Ny from N by Sol. 8. it 


falls within by Sol. 9. then in the rizht angled Triangle 
Mp N there 1s given the Side NM, and the Angle 


M to find the Anz 72 1. \ $ os by, Ale 3 and then hy Con. 
cluſion 4 the Proportion for finding tie Angle L N is; 


As T. LN to SC. MNP, ſo T. AN to SC. L VP, 
and the Angle LN being 8 and added to the 
Angle MN P, the Sum is the whole Angle LNM re- 
quired. 

ASE HI. FZ. ior. 
ien uo F:4es 17 1 21 Anale c C, te te LN 7 them, is 
ud the Third e 


CE Side L 


The 8 Side N 7 Required the Side L M. 
e The. Angle M 


Given 


Here, as in Caſe 2, becauſe the ſame things arc given, 
the perpe .adicular muſt fall from the Angle N upon tac 
Side L M, and having let it fall to P by Sol. 8. you 
have given in the right angled Triangle cell by the 
Angle M and Side MN to find the baſe M by Caſe 1. 
which being found, find the other Segment of the Baſe 
by Concluſion the third, VIZ. 


As 8 C. VM to SC. PM, ſo SC. LN to SC. LV. 


Then MP, added to LP, the whole is the Side L M 
required. 


R 3 CASE 
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CASE IV. Tis. 102. 


Two Angles and @ Side oppoſite to one of them being 
given, to find the Side onpoſite to the other. 

Jae, Here, as in Caſe I, it is required to be known 
whether the Side required be more or leſs than a Oua. 
drant ; for 1t it is leſs, the Sins or Tangent found an. 
ſwers the Caſe; but it it is more than a Quadrant, ſub. 
tract the Degree and Minute hund from 180 Degrees 
the Remainder is the Angle rec cred. g 


The Anale IT) 
Given The Angle M. Required the Side LM. 
The Side LN 


The Proportion in this Caſe deduced from Sol. 7. is 
As 8. M to S. LY, ſo S. N to S. LM. 
CASE V. Fig. 103. 


Two Anale, and @ Side oppiſſie to rne of them being gives, 
to find the Side Included poi wvoun the given Angles. 


C The Angle 7. > 
Grven The Angle , Required the Side LM. 
C The Side LY 


Here by Sol. 8. tne Perpendicular is to fall from the 
Angle N upon the Side LM, and then in the Triangle 
LPN there is given the Angle JL, and the Side LN to 
find the Baſe LP by Caſe 1. of right-angled Spherical 
Triangles, which being found the other Segment }M 
is found by Concluſion 2, thus: 


As T. M to S. LP, ſo T. L to S. MP. 


The Segment M., added to LP makes the whole Side 
LM required. 
| CASE 


Give 


Tu 


9 %. 


IS ! 


des, 
| - 
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CASE VI. Fe. 104. 


Given two Angles and a Side oppoſite to one of them, to find 
the third Angle. 


The Angle L) 
Given < The Angle M Required the Angle N. 4 
The Side LN 


The Perpendicular falls from the Angle N by Sol. 8. 
then in the right-anzled Triangle LPN there is given 
the Angle L and Side LP, to find the Angle LNP by 
Caſe 3, and then the other Angle MM by Concluſion 
the firit, thus: 


As SC. L to S. LNP, ſo SC. M to S. MNP. 


Then the Angle MVS added to LN is the whole 
Angle LNM required. 


CASE VII. Fiz. ro. 


Two Sides and an Angle included being given, to find either 
of the ether Angles. 


C The Side X 
Given The Side 72 Required the Angle Z. 
CThe Angle z | 


Here by Sol. 8. the Perpendicular muſt fall either 
from X or Z, and by Sol. g. it falls without either upon 
the Side continued or upon Z continued, but where 
the Caſe is ſo-ambiguous by Sol. 8. obſerve. 

Let the Perpendicalar fall from the end of à given Side, 
and oppoſite to a given Angle, and likewiſe oppoſite to the 
Angle required if an Angle be required, cr next to à Side 
required if a Side be required. | 

By this Rule the Perpendicular muſt fall from the 
Angle A upon the Baſe Z continued to , and then 
in the right-angled Triangle A, there is given the 
Side PZ, and the Angle XY (being the 9 

R 4 
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Ch. 8. 
of the given An:le X to 180 Degrees) to fing the 
Leg /t” Y by Cine r. of right angled Spherical Trian- 
ana adding /i F to 7. the Sum is 71 4, then h 
cluſion the iecond ; 


ls, 


4's Con. 


AsS. HZ to T. X17, foS.- M to T. rn 


CASE VIII. Fi. 106. 
Two Sides and an Angle Ineſudos being given, to u the 
third Side. 


pe 8. Side XY 2» | 
Given «The Ste „Required the Side XZ. 
C The Ang! X/Z 


In this Caſe the Perpendicular falls from the Angle r 
by Soi. 8. and ils without upon the Side Z conti. 
nued to J by Sol. 9. for the ſame Reaſons as in Ciſe 7, 
or it mi2ht ! be jet fail from the Angle Z upon the Side 
YT” continued, but we ſhall chule the former, TZ. to 
let it fall From the Angle A to the Side Z 7” continued to 
Ii, then as in Cate 7. of oblique Spherical Triangles you 
bare g ven the Angle IA, and the Hypotenuſe 7.5, 
to and 7 1 by Caſe 1. of right-an2led Spherical Tian. 
gies, then adding to the given Side JA, gives the 
whole Baſe fl 5 then find the required Side YZ by 
Concianon 3 Jo 


7 SC: to SC. 
CASE: KR. N. 107. 


As SC. UV to SC. 4 


2e Angles anl Side Incladed being given, to find eithes 
of the other Sides. 


» The Angle Z ) 
Given < The A ngle G. Required the Side G N. 
0 The Side B 60 I 


In this Caſe the Perpendicvlar falls ſrom the Atgle 
& upon the Side B N by Sol. 8. and falis Within by Sol 
05 Ane 


- 


JT 


Ch. 8. 


mg the 
"an 


zis, 


Con. 


2 the 


2. 


ngle Yr 
conti. 
ite 7. 
e Side 
Z. to 
ed to 
vou 
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es the 
2 by 


I 
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95 and the dircAions in Caſe 7, and then in the Trian- 
ole 5 6 P, there is ys the Side B, and the Angle B 
to ſind the Angle RB GP by Caſe 3, vw bich Angle being 
fond, ſubtract 't trom 2 erg An le BGN, the re- 
minder is the vertical Angie PG 1, then by Con- 
duſion the tourt: : 


As 8C. PG N to T. 38. 


which is the Side re. lu: red. 


ſo SC. 36 1 GN, 


CASE X. Fig. 108. 


en, 19 f 
tf 


wy * 
El 


A. * % 7 2 * ao „ * 7 ; 7 4 *2 5 

T3 Aus 2 0 a WwiioC Lit reh. Je — @& 21 
* 1 | 5 
Je "4/5 & Aung be. 


The Angle n 
Given The Angle 6, Required the Angle N. 
The Side 2 G * 


Here by Sol. 8. and the Reaſons given in Cale 9. the 
Perpendic ular falls ſrom the Angle G upon the Side BY, 
then in che Triangles BAG there is given the Angle B 
and the Side BG to find the vertical Angle BGP by Caſe z, 
which being ſound and ſubtracted from tue whole ver- 
tical Angle PG N there remains the vertical Angle Y 
then find the required Angle PNG by Conclution the 
firſt thus: 

As S. 56 P to SC. GBP ſo S. PGN to SC. PIGS. 


CAS E XI. Fg. tog. 
Three Sides given to find an Aug ee. 


C The Side B 
Given The Side GN. . ths Angle G BN. 
C The Side B NS 


Ti:is Caſe may be perform'd by var.ous Methods 
vc by Concluion 6, but being the required Angle is one 
0: the Angles at the Baſe, it may be more commodiouſly 
Jone by Conclußon 6. 


that is, As Tangent of half the 


Fat 
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baſe BN to Tangent of half the Sum of the Sides 56 
and & N, ſo Tangent of half the Difference of the ſaid 
Sides to Tangent of half the Difference of the Segments 
of the Baſe. 

Then in the Triangle BP PG there is given the Hypo. 
tenuſe BG, and Leg B V, to find the Angle required by 
Caſe 4. of right-angled Spherical Triangles, vis. f 

As Rad. to T. BP, ſo TC. BG ic C. PB the 2 
Angle required. 

Note, When the gre>*:7 Angle is required it is better 
to work it by Concluſion the ſixth. 


CASE XII. Fig. r10. 
Sichen Three Angles to find à Lide. 


Take the Complement of the greateſt Anale to 780 
Pezrees, and then the Angles will be turned to Sides, 
zud are to be Calculated in all reſpæcts as in ©:ſe the 
Fieventh, which we ſhall! nat need to repeat here, but 
mil be more large when we come to the Application to 
A tronom, 


* — — — — — — — — — 
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SEcT. VI. 


The Demonſtration of the firſt Five of the Concluſions, by 
which oblique Spherical Triangles are ſolved by the help 
of a Perpendicular. 


O in all Spherical Triangles which require 2 
perpendicular to be let fall according to Sol. 8. the 
perpendicular divides the oblique Triangle in two right 
angled ones, and is common to both, if both the 
Angles at the Baſe be acute; for then it falls within 
Sol 9. or if it falls without, the Rules are evidently the 
ſame if we look upon the oblique Triangle to be folded 
in the Perpendicular, and the leſſer untolded out of 
the greater, the ſame Perpendicular is common to both, 
and the Demonſtration is the ſame. 

The Demonſtration is deduced from the Fundamental 
Proportion Sol 4. provided we make Radius, and the 
Perpendicular which is common to both Triangles, the 
two firſt Terms in both Proportions; for they being 
deſtroy d, the two laſt Terms in both bear the ſame Pro- 
protion to each other, as the firſt and laſt in each did, as 
tor Example. 


Concluſion IJ. The Coſines of the Angles at the Baſe 
are directly Proportionable to the Sines ol the vertical 
Anales. 

In the Triangle LNM let fall the Perpendicular NP 
by Sol 8. and the oblique Triangle LNM 
will be divided into two right angled ones Fig. 104. 
LNP and MNP; then becauſe the Propor- 
tion between the Angles at the Baſe and the vertical 
Angles is the thing ſought, and the Perpendicular NP 
and Radius maſt be the two firſt Terms; therefore in the 
Triangle LNP, the Angles L and N, and the Side NP, 
are concerned as Data and Queſita in the Triangle, and 
by the ſame Rule in the Triangle MVP the Angles M 
and N and Side NP are to be made uſe of, then by 
Gaſs 8, of right-angled Spherical Triangles. , 

7) 
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L. As Rad. to S C. N, ſo S. Lp 

In the 6 45 
Triangle MN: As Rad. to S C. NP, ſo S. M x7 P. tr 


SC. M. 
Defroy the two firſt Terms in each, it will be 
As S. LN to SC. L, fo S. MN to SC. A. 


That is, as Sine of one vertical Angle to 8 C. 0 
its Angle at the Baſe, ſo Sine of the other vertical An 
to SC. of its Angle at the Baſe. //hicb 
prever. 


UG 
WES to be 


Concluſion IT. The Sine of the Baſes are reciprq. 
_ Proportional to the Tangents of the Angles at the 
ale. 

In the Triangle LNM, let fall the perpen. 

Fig. og. dicular N by Sol. 8, and then by the Dire. 

tions above, the Baſes and the Angles at the 

Baſe are the Parts concern'd in the Queſtion, to make 

(with Radius and the common Perpendicular) the tour 

Terms in the Queition, and then by Caſe the tenth, 
of right angled ſpherical Triangles it is: 


1 FC LNP: As Radius to T. VP. fo TC. J. to S. LP, 
Tri MN”: As Radius to T. NP, ſo TC. M. tos. 
riangle C MP. 


Deſtroy the two firſt Terms in cach (being both the 
Eme) it will be: 


As TC. L to S. LY, ſo TC. M to S. MP. 


Alternately, as TC. L to TC. M, fo S. LP. to S. MP, 
aut as TC. of any Arch to TC. of any other Arch, ſo T. 
oi the latter to T. of the former (Supplement tg Barrow 5 
Fuclid pag. 529.) therefore, 


SC. ot 
a] Angle 
S to be 


recipro. 
Es at the 


Perpen. 
he Dire. 
les at the 
to make 
the four 
c tenth, 


08. LP. 
tos. 


)oth the 
S. MP, 


, ſo T. 
arroys 
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As T. M to S. LP, fo T. L to 8. MP. 


Concluſon III. The Cofines of the Segment of the 
Baſe are directly Proportional to the Coſines of the 
Hy pote nuſcs. 
in the Triangle LNM let fall the Perpen- 
dicular N to divide into two right.-angled Fg. r04. 
ones LN and MM by Sol. 8. then as the Bates 
and Hypotenuſes are the Parts concern'd with Radius 
and the common Perpendicular N, it will be by Cale 
the fourteenth: 


In the f I. NY: As Rad. to SC. , ſo SC. J. Y to SC. Lx. 
Triangle 4 MF: As Rad. to SC. NV, fo SC. A to SC. Ax. 


Deſtroy the two firſt Terms in each, it is: 
As SC. LP to SC. LN, fo SC. MP to SC. MV. 


Concluſion IV- The Tangents of the Sides are recipro- 
cally Proportional to the Coſines of the vertical 
Angles. | . 

Let fall the Perpendicular NP as before, 
and then in the Triangle LN the Side LN Eg. 104. 
and Angle N, and in the Triangle MY, the 
Side MN and the Angle I are the Parts concern'd with 


Radius and the common Perpendicular N, and by 
Caſe the fourth it 1s, 


In the LN: As Rad. to T. VP, ſo TC. LN to SC. N. 
Triangle MIN: As Rad. to T. N, ſo TC. MN to SC. I. 


Deſtroy the two firſt Terms in each, it is: 


As TC. LN to SC. LNP, ſo TC. MN to SC. MV, 
or by mutually changing Tang. Comp. for Tangent, 
u T. MN to SC. LN, ſo T. ZN to SC. MVP. 


Concluſion V. The Tangents of the Baſes are directly 
Proportional to the Tangents of the vertical Angles. 


In 
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In the oblique Triangle LVM divided into 

two right angled ones by the Perpendicular Fye, 104 
NP, as before, the Parts concern'd are the Baſes 
and vertical Angle, /g. in the Triangle LPN, the Angle 
LNP, and Sides LP and NV, and in the Triangle Mpy 
the Angle MV and Sides M and Y, but becauſe p17 
is middle Part, it cannot come in with Radius, to pof. 
ſeſs the firſt and ſecond Places in the Proportion, with. 
out Tranſpoſition or Alteration, which may be thus 
done. Firſt by Cate the tenth. 


In the F LPN: As Rad. to T. L, ſo TC. LNPtoS.NP 
Triangle MYN: As Rad. to T. PM, ſo TC. M to S. Vp. 


Therefore (by Supplement to Barrow's Euclid p. 529. 


In the 5 LPN: AsTC. Ly to Rad. ſo TC. LN ͤ to S. Vp. 
Triangle MN: As TC. PMto Rad. ſo TC. MP to S. Ny 


By Permutation, Euclid lil. 5. def. 12. 


The LPN: AsTC.LP toTC. LN, ſo Rad. to S.NP. 
n the > MPN: As TC. PM to TC. MNP, ſo Rad. to 
Tr iangle C 8. N P 


Deſtroy the two laſt Terms being both the ſame in 
each, and the remaining Proportion will be : 


As TC. LP to TC. LN, ſo TC. PM to TC. MNP, 


But as the Tangent Complement of any Arch is to the 
Tangent Complement of any other Arch, ſo the Tan- 
gent of the latter Arch to the Tangent of the former, 
(becauſe every Tangent multiplied by its Complement 
produceth the Square of Radius) therefore it is: 


As TC. LP to TC, LNP, fo T. LNP to T. LP. 
And for the ſame Reaſon : 
As TC. TM to TC. AM, ſo T. MM to T. PM. 
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Therefore in an inverſe Proportion : 
As T. J. NP to T. LP, ſo T. MNP to T. MP. 


That is, as the Tangent of one Segment of the Baſe 
to the Tangent of its Vertical Angle, ſo the Tangent of 
the other Segment of the Baſe to the Tangent of the 
Vertical Angle. /I hich was to be demonſtrated. 

Theſe Concluſions are ſufficient in all Caſes of 0. 
lique ſpherical Triangles, and I thought it more proper 
to Demonſtrate them here, than fo interrupt the Learner 
with a Demonſtration in the Practice of the 28 Caſcs of 
ſpherical Triangles. 


Of Quadrantal Triangles. 


As right-angled Triangles are ſo called, becauſe they 
have one Angle that is a 8 or 090 Degrees; 
ſo the Quadrantal ones take that Name from their ha- 
ving one Side a Quadrant or go Degrees, as in the Tri- 
angle AQP, the Side AP being a Quadrant or 
go Degrees, or in Aſtronomical Terms (which Fig. G5. 
we ſhall explain hereafter) the Side A © 1s the 
Sun's Longitude, the Side © P is che Complement of the 
Sun's Declination, and the Side A P is a Quadrant or 
the Poles Diſtance from the Equinoctial, Sc. 

Theſe Quadrantal Triangles are ſolved by the ſame 
univerſal Proportion, as right Angled ones are, if we 
uſe the Sides of the Quadrantals as we do the Angics oi 
the right Angled, vig. as in right Angled Triangles, the 
right Angle is excepted, and the other two Angics and 
the three Sides are called the five circular Parts: fo ir 
Quadrantal, the Quadrantal fide is excepted, and ine 
other two Sides and the three Angles make the five 
circular Parts; but all the Parts whether Sides or Ang les 
(except the Quadrantal Side) are called Conjuncts, Dis- 
juncts, and Middle Part, as right An-led Triangles are, 
and with the ſame Limitation, viz. that the tuo Angeles 
next the Quadrantal Side, are called by ther Comple- 
ments, ig oif they are Conjuncts they are called 1 angent 
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Complements, and Sines if they are Disjuncts; and j; 
Middle Part they are Sine Complements, and in al] other 
Caſes they are Perform'd as in Solution 4, with the Cay. 
tion in Solution 5 and 6, as one Example will ſufficient. 
ly explain, 
Suppoſe in the Triangle AP © there ji 
Fig. G5. given its Sides A © and © P, to find the An. 
gle at ©, here A and & are Conyuncts, and 
the Angle © is Middle Part, and becauſe the Parts gi. 
ven and required are remote from the Quadrantal Side, 
they are called by their Complements, and hence the 
Proportion is : 


As Rad. to TC. 40, ſo TC. OP to SC. 4OP. 


It will be needleſs to repeat any more Examples, it 
being ſcarce poſſible, after theſe Directions, for any that 
underſtanding right angled ſpherical Triangles, to miltaks 
an ſolving the Quadrantal ones. 
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A Table of the Sun's 


Leap = Year, 


1748. 


1736. 


1740. 


1752. 


1744. 


n... 


4 


Deciination, | 


D. ] Jan Feb. | March id | May | Yar 
| lo . D N. D. AM. K D. 77 N. 10 
| 4.21 441 13 J1F- 3-018 - $2419 :16] 2} 14 
2121 34113 32 81 14 18 35123 16 
31421 24/13 10] 2 15 9 36 = 45123 19 
| $121 $33 12:90] 1 $5$] -9. - $7448 - $9733--22 
5121 2|iz 29] 1 32110 1819 131/23 2: 
6120 51[i2 81 810 39119 27|23 26 
7120 3911 47] 0 44111 0119 4] 23 25 
8120 27111 27 {© 20111 £1 19 3 23 25ʃ 
9120 14j11 41 N. 311 4220 525 29 
1020 10 gz] © 27112 2120 18023 29 
11119 4% 21] 71/2 22120 39/23 25 
12119 33] 9 59] 1 14112 42120 41/25 2 
13119 19 9 38 1 3813 220 32123 7 
14% 5 9: 151-2 ii 22j2r- 5135 25 
1418 5088 531 2 25/13 41 21 13123 23 
16618 34] 8 z1] 2 4914 021 24j23 2 
7418 19] 8 8] 3 12114 1921 33123 19 
18118 3| 7 45] 3 35014 37 |21 43123 16 
1917 42] 5 21] 3 $8]14 5521 $1I]23 2 
20117 -31]-5- of &- 28115 -3&1Z ol23 8 
q 2117 15 6 36] 4 4&45]15 32]22 9123 3 
2216 57] 6 13] 5 815 49122 16/022 58 
23 [16 39] 5 350 5 31116 722 24/22 53 
24 16 22 6... 37 C J 16 24 | 22 31 22 48 
25416 35 416 16516 40/22 537122 42 
26}'5 45 4 40 6 39]16 58/22 44/22 35 
27115 274 174 7 1117 14122 50122 29 
i 2815 83 53] 7 24/77 30122 55]22 22 
29114 480 3 29] 7 46/177 45123 422 14 
1 20[14 29 a 23 5122 6 
13114 10 | 8 31 423 9 
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— nts gw foe 
. | ? * . | 
tion. 1 A Table of the Sun's Declination. 
| h 
1744. Leap = Tear, 1736. 1740. 1744: 
| | ö | 
1748. 17 52. * 
ure F. July Aug uſt | Septem. | October Novemb | Decem 
B. . | ID. A. D. 1 D. I.. | D. PI MD. 1. 
3 Sees aa en oor, . 
_ 5 1 20 98 14 3314 2 7 35117 15 1 
23 16 2|2! 49;14 35/3 59} 7 $*;i» 823 14 Sj 
23 19 5 2 $914 :.17 16 8 2013 24123 18 1 
23 22] 421 31,13 59| 2 53] 8 4218 3923 21 1 
23 $|21. 21713" e. #407 54123 23 1 
23 26 6 113, % „ % 9125 25 - 
-3 25} 7]21 O 13 1 1 45 9 49 27 2 3 27 . 
3 28 $ {20 Jof iini 0 10 38125 88} 4 
3 29 9120 3912 20] O 5610 1219 51/23 2 7 "of 
3 29 102 271/12 1] o 52110 $4122 44/23 39 5 
3 2% 1120 15111 42] © 911 15329 17/23 29 1 
3 25 | 12]29 311 21! 98.14 11 4620 3023 2 x 
3 2 1319 30 0 38 ee 42123 2; ol 
3 25 -- 24519 371 10-3941 - 14.13 17130-54323 : 23 5 11 
33 15119 2410 15] 1 2512 3821 Nn 1 
3 21 1619 10] 9 57] 1 4812 5921 16]23 21 18 
3 I9 17 18 56 9 36 2 11 13 19 21 27 23 18 5 1 
3 16 18118 42] 9 15] 2 35113 39]21 37123 14 11-58 
| 12 1918 28] 8 53] 2 5913 3921 47]23 1c "1 
MF [-- 20118 13 8 zi 3 22114 in $6] 23: 5 . 
5 553 F if ens ic 45114 37123 - 5]2 6 . 
J0 | 22117 43] 7 438] 4 8/4 36/22 1322 55 1 
j; | SIILY-- £774 3:45: 32415 1 4 <S-- $1428 $0 1 
45| 6.1 5) Se ER.) 15 34122 29 22 43|[ 4 | 
42 25116 55] 6 41] 5 1815 52|22 36|22 36 h 
35 26116 38 6 18] 5 41%16 1022 43|22 29 7 
29 27/16 22] 5 561] 6 416 2822 4% 21 bs 
22 2816 51] 5 34] 6 27[16 45]22 5522 13 1 
ig 291 25  474..5- 324 6 49] 17- 3 4834-162  $ f | 
6 30] 35 30} 4 487 127 20123 521 36 . 
2 Lal 15 12] 4 25 47 | . 44 1 | 
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298 3 A 
8 1abic of the Latitude and Longitude of i 

Principal Harbours, Headlands, and I1Iland 
| in the World; Corrected by the lateſt ane 


beſt Obtcrvations: Accounting the Longitug 
from the Mcridian of LONDON. 


SH 
Note, When the Latitude and Longitude of ay > 
and is given, the middle of the Iſland 1 2 2 
meant, except ſome particular Part of it he — 20 
exſreſſed. | ; 
ä (Latitude | Longit. 
N. or S. E. or W 
Placcs Names, — — = 
[= M. 8 
7 Erwick — 365 5 
Newcaſtle ——|54 E 
Stoc ton 64 by 
Flambro- head 64 8 
Spur —— — 863 - 
Tarmouth ——— ——|32 - 
> i Orford-nes — — 562 
Q ; LONDON ———þ! 
2 1 North Forelaud —51 
— South Foreland 31 ö 
8 _ Peachy — 06 
| S Duunoſe Ile of Wight — 150 
5 Portland — ——— 50 
w Topſbain —— —'50 
— Start Point —— — 
7 
Landsend —|50 
St. Mary's Sciily 49 
; Hartland Point — 561 
Lundy Iſie— — 51 
Milford — — — IST 
8 . 
| 5 ; — 


— 


22 2 2595398 


. 
ol the 


lande 


ſt and 
gitude 


A Table of Latitude and Longitude. 


4 


Places Names. 


TheCoaſt of Eng. 
laud 


The Coaſt ol Scotland. 


* 


St. David's Heal 
Barſey Ihe ——<L-- 
Holy Head ents Ce ————_— 53 
eg — 155 


Liverpool 3 28 
3 


Ile of Man, 
White-havel —— 
(Carliſſe —— —— 


Glaſcow 
N. part of Ky 
N. part Letois 
Eg oe 
Farra-head 
| Nerthermoft 
. 
Fair Ilie 
Shetland South 
Buchaneſs—— — 
Aberdeen —<x - 
Dundce — äh! — 
| Edinburgh —" ul 


Crimes Hole or Genber- 
man's Rocks — 
Gamart ies or Gille 
Heſimania Iſt es 


Rook Point 


IN 


oaſts about Iſland oft 
land. 


He 


; Snow Hl} —— — 
Fair Foretand 
Marza or Largerngs — 
. 
Silly or Papey Ile —— 


Horn Bay — —»„»— 


The: Sea C 


— 65 
INaud — 57 
Iland-'3 


E R 


Point — 


— — 


—— 


La 


| Merchants Foreland——— 
Portland 


— 84 


Latitude 
N. or 5S.\F 


— 58 


— 64 


60 


Longit. 
„ or W | 


OT YN 


C 


opun 


d Lonitude, 
Latitude an & 
A Table of 
500 


mt. 


Latitude | Longi: * 


N. or S. H. or a. 
— —— 
Places Names, D. M. D. M. 


nnn... 
——  — c— 

— 

ñ—— —ꝛ—ͤ—ͤ— — 


3 
2 53 20 O7 0 
8 — | --$2>: xi, 
—— om 


— 


= 07 32 
e 8 ke I 
. atertord AR —|\G1 33S of 55 8 
138 . wes f £ 
8 Cork — 5 I 4 4 365 I 
| _ Cape Clear — 61 22 2 ; v5 Y 
I © < Cow and Ca 3 3 of - 
1 E Limrick —_ — 53 15 11 155 p 
TS | Galway — —— EI ory oe We : 
; = Shncbead —[34 35 26 50 * 
a London derry 3 34 30 3 
15 Belfaſt — 1 5 
ö f 8 10 28 08 35 S 
1 2 TſSaw 5 10 248 2 
1 * | Helightaud 15 ac of - 
MW S 1} Hambrough - | 35 185 35 358 
{MN V Emaen — —55 0. 98 
1 V on — 10 Toy 5 - 
F 4 7 — TE 24 217 
15 83 Ainſterdan . . 5 = 107 
7 R Rotterdam BEER 27 2 55 8 
1. 7 The Brill ———. ——_ : 03 50 5 
; #9 © | Offend — eee, 8 22 00 — 
N 0 U Au yce 9 — — 5 37 — S 
1 OE alics —— I 35> 
mn [| = e. 
| I . * my 
| 1 N Bollaigu — ä 47 6 5 2 06 < A 
| 10 IS Diep —— — 75 : to2 32. = 
3 MO Cape de Hague _ 49 N 40K | % 
1 vi ax, S Pp 2 36 — 2 © 8 
7 "4 = S a 23 . 48 37 £ 03 50 A N 
111 5 Si " Afarkoin e 72 20. 5 05 | * 
K 1 Va 72 —— 3 2 
- | 3; = 7 77 1 PO — — — 
4 | 2 t fram 
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Long. — 


Penmark 
DUI —_— — 


Places Names. 


vJĩ——— 


— . 


aud Dien 


[land Ree ——- 


— 


Roc hel — 


Bonuraeaux 


Cape Pinas 

| Cape Ortegal 

| Cape Tiuiſler 
Port a Port 
Barlings 

Rock of Lisbon 


—ʒĩÿ—̈— —— — ——————— 


„„ —— 


9 — — — —— — 


——— — 


— — — 


Sevi! — f 
Cape St. Vincent ——— 


—— — — _— 


The Coaſt of I'rance and Portugal. 


— — — 


C. Trefalgar ——— 


Gibralter — 
Malaga 
Cape de Gat 
Cape Pau! 
Alicant 
Cape Martin 
I Tortoſa 


Hs. 


vag 


— — — 


cy — — — 


— 


— — — — — 7 


Barcelona 
Marſeiiles — — 
Toulon — — — 3 
— DK; 
6 © ——— — 
(Cvita Verhia 


38 
| JOT * AA 


LI 
nent within the Stra 


SP 
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The Coaſt of the Main Conti 


| 


„ 


S 


M__ — 
—— — — 2 —— 


—— — 


Longit. 
E. or W. 


— — — —— 


Latitude 
N. or S. 


opnumg uno 
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| Latitude Lon — 
N. E a 
Places Names. ede . | 
D. M. Db. M 
Rome „ Tp et 
] Naples — —— — t os 14 4 i 
Cape Spartavanto — 38 oo 6 5$ 2.8 
C. Collone —— 39 10 [18 & LE 
Gallipoli e O8 18 39 * 
. | Cape K. Mary ——69 50 19 C0 13. 
2 ane . ern t eee 
I Venice —— —— z 18 13 10 
— Reguſa —̃ 
0 [Ls Jalonaa—— —— 42 56 21 24 
— Lepanto — 568 20 [| 55 
S (C Matapan —— — 66 35 |» 2 
> C. &. Angel — — 0 41 125 20 
Q Cape Colova ——- —— 37 30 ER 245 
8 Frog 7 — 138 9 24 295 
8 | Cape Marte/o S. . . - 
F< ; . 4 58 00 C125 45% i 
Q i Cape Monte Sano —— [40 O5 3126 05E 2 
EE 8 
= Con/tamtimople —— — 1 O7 8 30 O0. 0 
1 Suyrna — „ 8 
S | Epbeſtis — —— — 7 54 |:7 15 5 
] Annochetta —— [36 40 ſu 57 = 
© Sang — 6 00 , 58 4 
| 7 Antiochia — — 65 54 [39 20 — 
8 771. — 64 40 35 $© E 
8 2 — — — 562 32 |37 15 — 
— 1 —— — 0 O5 134 20 
| Alexandria —— 1 oy Jo 40 
C. Ruſato . 3 15 |: $5 
C. Miſorato . 32 43 |i16 23 
| Tripals —— — 13 $5 3 0 
COD moms eomonns.,. $3 OS $1000 
Los —— 1 


| 4 — w—a—s 


S Q 


= '\I 
22 882282 


I0"7F 


2 pPn 11 
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Places Names. 


— 


| 


in 


on the N 
Con. with 
the Straits 


Co 


Iſlands within the Straits. 


Tunis 


Cape de tres forcas — 


FN — 5 6 
| Algier —— 2 
Oran 


— ——ĩ— 
JTetuan — : 
Seuta 
Tangier — — 3 3 


F Alboran 
Formentara 
TAIL | ame —59 
Majorca City '39 
| Port Maon Minorca — 40 
Galitta ; 37 
Sardinia South End—'39 
| Cor/ica North End — 4 
| Gorgona 4 3 
| Capris — — 
Bilboa 
Me/Jina — — 


i. th 


| Maritimo — — 38 
S raciſſe —6 7 
Cape Paſſero —— —— 
Malta — 36 
| Limpadoſa — — 


Cephalonia — — 3 
Wn 


— EINER "2M 


— ens anc, BY 


N. or 


Latitude 


* 


S. 


One = [ws 


. or W. 


es 


Iflands within the 


The Coaſt of Parbary and Gin ey. 


Places Names. 


0 


t. 


—— — 
— — 


[Laticade] Long. Longſt. 


304 A Table of Latitude and Longitude. 
FR 
| N. or S.!E. or W. 


D. M. PD. 2 
* Negropont - 35 36. ; is 
| Cape St. John, dats! ge "Wo 
End of Candy — 35 20 2123 , 
Cape Solomon, Eaft . 2 
End of Candy 5 Py 258126 315 
R bodes City = 36 40 8 28 os 
Weſt End of Cyprus —'35 21 81 TE 
LEaft End of Cyprus — 35 35 134 255 
Cape — — K 
3 "If RY 
Cape Cantin —— — 78 9 6 
O 10 
Cape Nou — 28 p.. 11 30 
Cas pe Bajador ———!26 12 14 30 
Cape Olerado —- 23 41 215 50S 
| Cape Blauco — 352 16 532 
Et aa ns ol 4 
River Gambia — —|\13 165.15 2c 
| Serralion 8 368 12 155 
Cape Monte —— — 6 235110 55 
| Monſerado — — 6 5 9 20 
Rider geſfer ———-| 5 20 | 7 35 
Cape Palmos ——— „ 
| River St. Andrew — e 
1 116 1:2 Jo 
— : 1 00 | 
| Cape 3 Points : O 45 
1 5 3 8 
4 3 30 
River Formoſa — 7 oo | 7 403 
Cape Formoſa ——— o | $ OE. 
New Callabar ——= ——| : - 10 25% 
LO/d Callabar 4 18 fer 32 6 
River 


ET — ————— 


4 


EIT 


The Coaſt of Berbery and Guiney. 


Weſtern Iſlands. 


Canary Iſlands. 


+} 2 
— 
Lu-. 


nnen 


—— 


A Table of Latitude and Longitude. 30 5 
— Latitude, Longit. 
N. or S. E. or W. 
Places Names. . 
D. M. D. M. 
[Samſous River ———| 4 Nfz 8 
River Camarones 4 2 Nf3 10 
> Hand Fernandepo—— 2 40 N13 40 
S | Princes Iſland - —] 1 $50N[t2 204 
S I River de Angra o 49NÞ3 15 
8 23 15 
IP | I/aud Cabos —]o 4 I 36, 
2 Maud St. Thomas ———| © © 11 008 
Hand St. Matthew ——| 1 40 [7 11 Te 
3 and Aſcention 8 10 [1 458g 
S Hand Anaboua 2 28 0 32 8 
3 — —14— 25ʃ¹2 20 
River Congo ——— 15 2 
E Angola — — 4 or 7 oF 
* Cape Negro 6 08 5 13 46 
8 and St. Helena 16 2 10 
Cage St. Thomas 23 10 [14 23 
SEEDS wm: ——|2$ 56 5 32 
Cape Bona Eſperance —=[34 25 7 25 
a | 
- oh Corvo $0. $12 
E Flores —— 9 402 5 7 
8 | Bal ——- 58 387 165 
= Pico — — — 38 322 26 31 8 
5 g. George ————[3s 50 CRE 1055 
S | Tercera — __ 8 2 [2. = 
| 33 — + 42 — 
2 St. Michael — 68 ©O* [22 32 8 
Sr. Maryes 37 0 22 17 
2 2 O 18 
E f Palms — — — 28 50 7118 go 2 
= Gomero — 8 d [7 26 = 
D : Tenariff —|$ 2086 45K 
L Madera Weſt end 32 178 ll 225 
8 32 1727 
Corto Sando —— ——32 50 85 50s 
6 > Cana- 


3 i 


* 
— * 
LY. — þ — 4 5 
CY 

- 

F 5 
* 
- * ww 


„53 
x" of oy 
- 
. —_— 


> 3 


"__ * 25 —_— p = — _ — — _ . * \ jp * bl nl __ 4, - 2 
had, * "I. - * — . — 
ICS - 8 9 ” N 
— - . 
a - m_ <4 Wd 7 — 6 - : , - * ? 
* 4 a 3 — , . * 4 * * bs = 
bs — — m "i g * 
1 Z— — . ⅛ „„ 4 ˙·——ͤ „ wy T: k 
- — 
- 
* 


* * "_— 
r = 


. - 
— — 
— 
* .»* 
4 


_ 
* 


— „„ 7˙» — 


—— — 


Southern IIlands. 


n 
ICS 5 


NMain Contie 


eit 18 LR t* yi Hi; 


o 


1 
He. 


C)} 


< Farnandepo = 


— 


e. Helleua — 


. 16 


Jriuceps 
St. 710 — 


— — — — | 


1 — - 


01 
OO 


4 3X as * 
L ANTAVEHU A — — — —ͤ— O1 


Cute Bonn Fſperar:: 


Oy 


f 


| Cap Lavulles —_ 


25 VET ah Lucia 


—ää _— cc — 


34 
5 
O 


AO 


1474 e 42 — wow 


| Ce Falls — — 


( 


7. #671 


Mc Da 7 
A — — 


' River Laas = 
| Rive; 


— 2 FP ] ͤ˙! ˙i!m ˙ ˙m we. 


dc K 


—ä —ę——öñ 


1 
- ) - 130 
32 S133 
_ 58 0 
00 135 

IE 
108839 
15 638 
co 40 
20 [40 
O0 41 
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| Latitude | Longe it, 
IN. or S E. or W 
Places Names. —.—4— 

ö D. M. D. M 
— —ʒ—̃—e—— —— —T 
5.5 (Coraris ——- ) Ns zog 
2 5 Fortaverturd e N13 24h 
| = (Lira — — — 8 32N\12. 545 
E n nne | 
7 . I ncent ——— SY 16 0 | 
| = St. 171i ——j16 45 2]: 4 582 
yen \, £5 Nicholas — * -- a 16 40 222 
|S |; Brave —= — ——]14 3354 3b 
— Flog — — 14 428124 005 
— Java — — —13 2— 8 23 ICE | 
i 2 Ie of May -- — ils 16 22 1280 
8 Ilte Sal ———|16 45 22 02*, 
F w—— =- 05 = 5 | 
Fr. Matthews — — 01 40 SC 0 
Asten ſion — — — 08 812 35% 


— 
— — — 


1 00 


7 Dpnuauo 7 un. 


GG, ww wy = FL 
* ES 


C3 >4 


LE") 
C) 


- 


Mag- 


— — ooo 


ese 


14178 nes e 


ee hw 


8 


ric aff + 41> 


— 
3 


*,2pmnyl 


G3 wo. 
> Wy wy OO wy 


oy, Wy 
: SS - % 
Opn gung uy», 


- 


S Wn. 


O 


— — — — — — 


The Coaſt of the Main Contincnt of the Exft-Indies. 


——— — — 


r 


Places Names. 


— — — I 
' Magadexo —— 02 
Cape Baſs C4 


Cape Riſuloat —— 22 
Cape Muca - ——|26 
Buſ/era — — 30 
| (7 aMvaroes 7 
Furrat — — — 21 
Goa — . 15 
Carte - —— *——It. 
Loki —— = — 09 
Cape Comarines / 
Columba in Zelcau 97 
Fort St. George 13 
Dew Point — 8 $5 
Viſe;apatain —— <-— [17 
o — — 8 
| Cape Palmiri = 
Ballafore — — — 21 
| Piply 92 21 
Bengal — 22 
Cape Negrais — 16 
| Malacca 02 
Formoſa — — 0 


Jani Eutrauce 1 3 


Cambodia Entrance —— 10 
Cape Avarilla - 
Cochiu 
Cantam -— 


— 118 


| 23 


Pp 
I/land Chuſan 
(Nanquim 


18 
2908 GN 


D 45 
mil 00e. 
pn UJTON 


t2 12 


I 


12 


Wi O 


Go F4 — 95 wu) 
3 * 
181 _ w 


AT :vle of Latitude and Longitude. 
— Latitude 
N. or 8. 


4 - 


[14 20 
49 52 
32 38 
60 45 
57 10 
49 805 
59 3 
1 
37 
3 54 
20 45 
| 25 
90 O5 
1 428 
2 058 
F 8 
5 50 5 q 
| oQ. 
88 1081 
ES 
3 
88 30 
91 49 
93 5 
01 20 
101 40 
101 OL 
105 20 
109 03 
2358 
113 20 
11655 
2025 
120 15 
12005 
- 


Lorgit. 
1 or W. 


— 


| 


— 


30% A Table of Latitude and Longit ude. 5 
Rs Fre je 8 OR To gs 3 An Latitude | Longit, 

5 [N. or S. EK. or W. 

Places Names. n,, = 


—— — — — 2 un — 
— — 


q Madagaſe. or FS. End\26 o5 46 20 


[ 8 SDrece LN. End S110 50 10 
| * Fal de Lisbon —— 126 04 5 3 38 
| AMayerta Cr Ton TN t5 10 45 43 | 

! TREE hn} 
MchHilla Lt 5 
| Comer —— — — 11 305 [#5 44 [4 
i St. Juan de Nova i 30 of 1.96 E 5 | 
: | Mauritias * 50 $5 5 | 
| Digo Rives — 45 _ 1 35 1 


| No ira AC Caſte Limos [29 O5 2 6 $5 


574 2 
Amſterdam 8 38 44 5 | 
| St. Brandon "be = 65 25 5 
Z +: Digo Gratioſa = : * 7 | 
S ; Onuabella - 03 9 8 wh | 
* i Bafj»s 7 828 Us 9855 55 ö 
= Tas ae Digo Kay 
„ eee os 6 
60 — 4 5410 S. end.. OO 7 2 
4 =——y 00 73 152 
= | AMalique — ee 
3 — 4 2825 57 
1 Saccatra 333 "Is; 5 
19 Ableleur — — — > Bo 45 8 
IC. Gallo in Zeloan > ofin & of 
Ius de Amber — Si | * 8 
| Andaman — 5 4 n — WY 8 
Nicobar e E 
| Sumatra N. W. End 9 - ” I 
rerkius Nand Wes 2 Ys 90 34 5 
Naffau land —— ---- +2 -+Y = 
EBeancola —— . + 3 8 
Ymatra S. E. End —— : 2 Y 00/43 | 8 
>, hi . ( | — 
Klum 7. 3 i 
| Princes Iſluud — g = 8 i * 1 
| (Buutam on Favg —— * 
BY | 


| 
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Places Names. | 


| 
Batavia —— 
Java FH. nd — 
Straits of Sundy — 
| Banca S. End 
| Borneo S. Point | 
E Bandy Hier — 
| 2 Celel South Find — 
| = c /e e No rth Had — 
E Mindano W. Point 
— Borueo N. Point 
2 S Luco! . S. Point - 
= 2% N. E. Point 
E . W. Point —— 
| K | Anain E. Poin : 
= 


\ 
N. Point — 
 Piſcadore Iſles — 


18. E. Point 
Jp an + LS, W. Point 


land Chuſan = --—— |; 


Latirude | Long it. | 
N or 8. E. Or I 
0 


2 —— — — — 


D. NI. 15 NI. 


5 76 106 27 
8 8 [112 27 
5 RB Fhos is 
3 258106 37 | 
4 142 11252 | 
5 $6126 37 
6 1727 
[ 3 12 130 
6 30 1 | 
7 Bu 
120 50 2 
18 35219 355 
19 503 108 6} 
19 5571111685 
2 COM 119 30.2 | 
35 32 2120255 


— 

SE | Lquarulco da pac 

— — 

32S . eee eee 
mt — 

82 I Bay Bong: tro 

= = J Lands cf (24 atlopere 3 
— A D [ Cape He! Ai 180 —̃̃ — 
au, ad Ina —ů— ——— — 3 
a Ws 
eos : 5 


— —— — — — 
— . 


— — 
OO > — — — — 


23 30.17 358 
30 3891203557 
39 50 1135 15 
3710 oy 
| 
42 49 129 53 
23 25 111 56 | 
19 42 4110 30 
17 O Hic 28 
15 2751101 3 
14 258 6 
$ 507] dz 15 
3 28 do 6 
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Latirudey Longit. ; 
4, Or SH a Or \V | 
Places Names. — 1 
D. M. DU. M. | 
+ =y I " Nicarague Entraute — |; 15 24184 5<| 
— CS | Cape (Catccla— — 1 22 3458 158þ 
4 25 A Campecle ——= — 9 203002 05 
= 3 5 14 dera (S — — 19 15 98 338 
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wy Latitude| Longit. | 
N. or SIE. or W. 
Places Names. — — — 
D. M. D. M. 
TY | Cape Cod 42 10 67 45 
1 | Bofloy -——— 42 35 68 50 
I | Cape Sable — 3 45 63 25 
DL and Sable ——44 30 159 5 
SS | Cape Britain 4 20 8 15 
£S | Onebeck — — 47 15 Z68 10 
Ix | Bay of Breſt — 8 10 3155 08 
»S Bell Iſſand —52 $7154 10 
& 29 1 Cape Sr. John —— 30 90152 358 
TY 1 Cape Benaviſla- 49 112152 3% 
3 8 Trinity Bay — + 27 & 132 158 
5 2 Conception Bay 47 '$39152 Os 
2 © &. John's Harbour —— 47 28 [51 25 
3s | Bay of Bulls — 40 51 © 
7 [Cape Race e nge 
5 SE | Cape St. Mary —— ——{47 10 63 20 
2&2 | Placentian REN » WP. » 338 © Bn.” 
— (Cape Roy — 7 2 0 C 
2 Buttons Lie — — 60 5 66 6 . 
8 C. Charles — 62 35 75 2 
8  - wir 35 N ———|63 15 7 40 
V ** e — — 62 20 do 50 
8 70 1—ñ 5 3 90 15-4 
D Ruperts Nun br 16 2275 55 - 
Ala River — —-| 52 32384 7= 
2 The Cu — — 15 82 O — 
4 C. Heneritta Maria 1 8 4 02 
= 1 Port Nelſon —= — 67 58 475 
Q C. Churchil —.- — 39 0892 57 
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Latitud, Longir | 
N. Or & he 5 Or W. 
Places Names. 8 
\ 
n MAPA M. D. G M. — 
Sonn Royal —————— 06 2212 i4 15 
Bargarzar Joint 66 30 | 1 12 
Whales Back —— - —- 53 „ f 
* Merchants-Forelaud = 20 14 5 . 
= Hari = — 64 30 |24 15 5 
| = Fair Fireland —— — 65 10 26 45 Typ 
E Grims land — 66 51 17 45 | 
19 Heſmania Ie — 63 92 18 10 V 
7 | Fero I/les — 62 " — 
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5 Y 3 A | 
Cath 165.43 135: 44 | 
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8 „( 68 8 36 42 | 
— — A 
| = Kilduyn —=—00. 32 51-15 | 
| 3 | North 4b =P1--25--:142-:..0 
8 Surruy — e 5 E 40 | 
C3 TrOmt oa if ooo" on 79 18 6 8 
5 IJcefert S. W. Poiat — 67 47 9 33 
Irons — 64 © 10 49 
Sala; i > 103-10 43» | 
North-bergen — 60 16 3 J 
Nee of Norway 57 59. | 7 22 
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A Table of the Sun's Right Aſcenſion. 


Month Jan. | Feb. Mar. , April | May fan 
Days. II. H. M. H. M.] H. M. H. . 1 N. 
| 1 [19 35121 42023 281 2513 185 23 
12 19 39]21 46123 31]r 2913 22]5 + 
3 119 43121 $0123 35/1 33/3 26]5 31 
| 4 9 47]21 54/23 39]1 35% 3o|5 36 
5 [19 51]21 58123 43]t 40% 3415 4 
6 j19 56122 2123 46]t 44/3 3bſ5 4, 
7 120 22 6123 5001 4713 215 4s 
8 [20 422 1023 14]t 51/3 465 c. 
9 [20 9122 14123 3$]1 $413 50/5 56 
| 10 20 1322 17]o0 21 38 3 546 0 
it 120 17.22 1% 62 4233 Ns 4 
12 20 2222 250 10[2 604 206 x 
13 [20 26122 290 132 10/4 616 12 
| 14 120 30 22 3319 1712 13/4 10{6 17 
| 15 [20 34'22 360 2102 1714 1406 2 
| 16 [20 38 22 46!0 252 21|4 186 25 
17 20 42 22 44% 2912 254 226 29 
18 20 46 22 480 3212 294 266 33 
19 [20 50 22 52/0 3602 32/4 306 30 
20 fg e 4245: 2914 3416 52 
21 20 58 22 59/0 44]2 4ol4 356 45 
| 22 j21 3/23 3/0 48/2 444 42 6 50 
123 121 7123 600 5102 48/4 4616 5 
24 [21 11/23 10jo 55ʃ2 51]4 5006 55 
43 15 130 3913 4 87 2 
26 [21 19123 171 32 59/4 38% 6 
27 [21 2323 2111 613 315 27 10 
28 21 27123251 1013 75 6% 14 
29 21 31 1 1413 105 117 19, 
e „„ e 4% % 5 
. 31 t 38 1 44 5 191 | 
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ion. A Table of the Sun's Right Aſcenſion, 
| Month| July | Aug. | Sept. Octo. Nov. Dec. 
410 Days. 5 H. Fi. H. Ni. H. xi. H. M.] H. 1 
+ on 2911 23113 12115 1117 15 
1 2 d , pi 53 11 26013 15115 151 24 
; 50 37 33] 957. 39/3 19115 19/17 2 
* 417 39] 9 4qo[li 37113 2215 23117 33 
12 137 43] 9 44[11 33/13 26115 27/7 37 
2 6 7 47] 9 481 41113 305 31% 40 
; 40 717 51 95111 44113 345 3517 40 
* | d [7 55| 9 55|11 4813 385 397 S 
12 9 17 5y| u $1113 41115 4407 54 
5 108 310 2]11 55113 455 4807 38 
3 118 7110 6[11 59113 495 $3]18 3 
33 1 128 1110 10/12 2113 5315 7718 7 
BY, 13 8 15]10 14/12 6{[13 5716 2118 12 
* 14 8 1910 17/2 9/14 016 6118 17 
Wo 15 8 23110 21/12 13/4 46 1118 22 
3 16 8 27110 25112 17/14 $116 15 18 26 
A 17 8 31]10 28/12 290114 12016 19/18 31 
: 18 8 35]10 32/12 24014 1616 23 18 35 
30 19 8 3910 35/12 57114 40 16 28 18 39 
2 208 310 39/72 31/14 2416 3218 43 
6 | 21 [8 47 | 10 43012 35114 2816 36018 47 
n 22 8 51110 4612 38014 32116 40 15 57 
2 23 8 35110 5012 $2114 36116 44118 55 
5 24 8 59/10 83/2 45114 3916 49119 © 
2 25 9 210 572 49114 43516 53119 8 
6 26 I G [11 1112 $3114 47 16 57119 | 
10 27 9 101 4% 57/14 31517 1 13 
14 * % %% $113 1014 55047 5019 17) 
19 29 9 1711 1113 4/14 597 10 * 
51 30 9 21/11 15/13 8/15 3117 9 26 
8 | 31 19 25111 10 15 | 119 30 
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A Table of the Decltzation, Right Aſcenſion ang 
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| Magnitute of the principal Fixed Stars. 
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Names of the Stars, 


Mag 


Pole Star 
Girdle of Andromeda 
Acarner 
Bright X of Y 
Meduſaes head 
perſeus Right Side 
Brighteſt ot 7 # 5 
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Tn 


Bail's Eye Aldebaran — 5 
Goat Capella — 
Orion's Lett Font a 
Orion 's Left Shoulder 


Middle Star in Orion's Relt 
Oricn's Right Shoulder 
Waggoner 
Syrius the Great Dog 
Caſtor 


Pollux 


rr rr... 


Hydracs Heart 
Lyon's Neck 

l. yon's Heart — — 
Upper Pointer — 
J yvon's Lai 
Virgin's Girdle 


[1111 


— — — 


Arcturus „ 
South Rallan ce 1 
North Ballance EY 
Scorpion's Acart — 
Head of Ophinc.e — 
Brighteſt in the Harp — 


Vulture Heart — 


Swan's Tail 


Fomahant — 


* 5 3 
Pegalus 100 EE Fr 41:7. —— cc —— 


WO 0 „ % „6 . aw Mt Gang gw NngQOvD DB eee e = U0uNHU Ht = 0H 0 


Fu, Atl veclin, © 
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0 22137 33N 
oO $0133 50N 
I 25158 55 8 
1 £1322 1N 
2 4-1 3. 42: N 
2 56018 33N 
3 2cR2 g 
4 ICit5 469 N 
+ 5215 37N 
4 598 38 8 
5 J s N 
5 Aer 8 
5 30/7 18 N 
$- eln $5 
5 3216 20 8 
y 1 
7 28 81K 
7 4 28 28 N 
8 495113 48 N 
9-107 10:5 
0 gojzr. 41 N 
9 gclt3 39 N 
to 43163 32 N 
tt 316 12 N 
12 : 381 f 20 N 
13 10 31 8 
44 90 33 by 
14. $2164 33 2 
#5 5 8 8 3 o 
16 Mag $5.5) 
47 22012 43 N. 
18 25133 30 N 
7 34% 8 [0 MN 
20 30044 5 N 
21 29 $ 19 2. 
70 3931 5 ws” 
22 5013 9 
23 5533 23 N 
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DS woo 

Gi © 
7 — 

627 
8 Pn  YaaA 


the Night that the Greece Pon c,, 


Again: 


8 * Wa 
* 1 d 2 r IE SS 
eclin; - -;j * 
N * de Uſe of the Table of Fixed Stars, and Sun's 
— Right Aſcenſion. 
oe” 
50 N IRST, Suppolc you ce a Star upon the Meri- 
55 © dian, and know not what Star it is, ſce tor the 
7 - Sun's Right Aſcenſion the Day propoted, and to that 
: 2 * add the Hour of the Night when the Star is upon the 
55 N Meridian, caſting away 24, it it exceeds; and tor that 
17 N ſum look in the Table of Fixed Stars, under | Right 
37N Aſcenſion, ] and the Star againſt which it ſtands is 
38 8 the Star that you ſaw upon the Meridian 
59 N Example. December 31, at 11 at Night, I ſte a Star | 
27 8 upon the Meridian, which I ſuppoſe to be ot the Firtt a4 
2 Magnitude, viz, one of the Biggeſt of the Fixed Stars; a 
— : I find the Sun's Right Aſcenſion that Day 19 30, to $1 
30 M which add the Hour ot the Night, 11, the Sun is 30 wy 
57 N 30; but caſting away 24, there Keits 6 30, which J 1 
28 N look for in the Table of Fixed Stars, under | Right 4 
28 N Aſcenſion] and find it to fand againſt Syrizs, rhe TI 
to 8 Great Dog, ſo I know it is the Great Deg that I faw ms 
41 N upon the Meridian, which is a Star of the firſt Mag- £4 328 
39 N nitude: And fo in others. 11 j 
32 N But if you know a Star, and deſire to know what 112 
ay Time it will be upon the Meridian, ſubtract the 09 
4 Right Aſcenſion of the Sun that Day from the Right 9 
53 N Aſcenſion ot the Star mentioned in the Lable ( Bor- = 
33 8 rowing 24, it nced be) the Remainder is the Lime of ＋ ik 
3 8 the Star's Coming to the Meridian Example; I de- . 
35 8 hre to know what Time the er comes to South oY | 
43 N februar the Firſt, the Sun's Right Atcention that Day 64 
30 N. is 21, 42, which ſubtractee irom 6 30, (the Right 117 
o N Aſcenſion of the Great Dog) by adding 24, becauie it 
5 N cannot be done otherway's, the Suin is 30 30, trom 
7 Ni which take 21 42, the Rematocr 8 48 is the Hour of 
N to the South. 
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Again: if you ſee a known Star upon the Meridi- 
an, and deſire thereby to know the Time of the Night 

ou may preſently know what Hour it is by the 3. 
— ule; and in common Caſes, if you know 
the Time of a known Star's coming to the Meridian 
you may nearly. compute it by Allowing 4 Minutes 
to every Day. Example | have found as above, that 
the Great Dog ſouths February the Firſt, at 48 Minutes 

aſt 8 at Night; and ſecing the ſame Star upon the 
Meridian February the 9th, I deſire to know the Hour 
of the Night; now from February i to February 9, is 
8 Days, which, allowing 4 Minutes a Day, amounts 
to 32 Minutes, which ſubtracted from 8 Hours, 4$ 
Minutes, the Time of the Great Dog's Southing Fe- 
bruary the Firſt, the Remainder 8 Hours, 16 Nli- 
nutcs, is the Time of the Great Dog's Southing Ve. 
bruary the Ninth. This Allowance of 4 Minutes a 
Day may ſerve tor common Uſe, but if you would 
be exact, work by the prececding Rules. 

In the laſt Column of the Table, you have the De- 
clination of the Fixed Stars, which is ot Ule in tak- 
ing an Obſervation: Of which, ſee more in Chap. 7, 
Scct. 4. of this Treatilc. 

The Magnitude rs of Uſe to know the Bigneſs of a 
Star; thoſe of the firſt Magnitude, being the biggeſt; 
the 11xth the leaſt; and the reſt of Bigneſs Proportion- 
able to their Magnitudes expreſs'd in the Table. 
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Containing feveral Pleaſant and Uſe- 


tul Qucſtions. 


Ster. I. 


Of Currents. 


— — ailing in a Current it is very evi- 
GEES | dent, that a Ship doth not make her 
0 jh . Way good according to th: Courſe 
Sj I i ftcered by the Compaſs, and the Di- 
Ut; {t:nce run by the Log, but being at the 


—_— 
ow _ - 4 


n 

88 | ſame Time privately carried by a Cur- 
—— rent, hr true Courſe and Diſtance is 
compounded of the Courſe and Diſtance fail'd, and of 
the Courſe and Motion of the Current ; therefore where 
both theſe are given, you mult frſt lay down the Courſe 
and Diſt. ſailed, and from that the Courſe and Motion 
of the Current; and the Courie and Diſtance from the 
Place ſail'd from, to this laſt Place thus found, is the 
true Courſe and Diſtance made good as in the firſt Que- 
tion following: A Ship fails S. E. 100 Miles from C to 
A, and a Current ſets in the ſame time Weit 39 Miles; 
now if there was no Carrent, the true Courſe and Di- 
tance of the Ship would be repre ſented by the Line C2, 
and the Point 4 ſhould repreicut the Place failed to, 
but becauſe a Current ſets Weſt 30 Miles, in the ſame 
time, I ſet off 30 Miles W. from 4 to D, and the Point 
D r:preſents the Place * to, and the Line C is 
F the 
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the true Conrſe and Dit. made good; and hence in re. 
ry Queſtion in Currents, there is conſtituted a platz 
Triangle, either Right Angled, or Oblique, the Angles 
of which ſome call the Angles of Reflection, Deflection 
and Iricidence, as Mr. ?/9r:vc9g in his Seaman's Practice: 
but by the Learned Nr. 7. P. more properly the Angle 
of Force, the Angle of Submiffion, and the Angle ot 
Chance: But 1 ſhall not trouble the Learners Memo. 
y with thele Terms, but call them as indeed they are 
the Courſe ſteered, or the Courſe made good, Sc. And 
therefore, Vote, That by the Courſe, or the Courſe 
teered, I mean the Courſe by the Compaſs, and by the 
Diſtance, J mean the Diſtance by the Log, but by Courſe 
and Dittance made good, I mean the true Courſe and 
Diſtance of the Ship, from the Place ſail'd from, to the 
Place come to, with Allowance for the Current, Ge. 
here are ſeveral Caſes and Varieties in Currents, bu: 
hree are chiefly uſeful : The Firſt is, when the Course 
and Diſtaage is given, with the Courſe and Motion o! 
the Current alio given, to find the Courfe and Diſtance 
made good. The Second is, when the Courſe and Di. 
itance ſail'd, and Courſe and Diſtance made good is gi- 
ven to find the Courſe and Motion of the Current. 
The Third is, when the Conrſe and Diſtance made 
good, and Courſe and Motion of the Current is given, 
to find the Courſe and Diſtance ſail'd, and this is of 
ereat Uſe when the Bearing and Diftance of two Ports 
or Iſlands are given, and the Courſe and Motion of a Cur- 
rent between them is alſo given, to find how much to lay 
vour Ship to the Windward of her true Courſe, that fo 
the Set of the Current with that Courſe ſteered may juſt 
bring her to the propoſed Port. 


CASE I. Courſe and Diſtance ſail'd, and Courſe and Mo.- 
tion of the Current given, to find the Courſe end Diſlauc: 
made good. 


Geometrical Contract ion. 


A Ship Sails 8 E. 100 Miles in 24 Hours in a Cur- 


rent that ſets Welt zo Miles in the ſame time, 1 . 
Whac 


titu 
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what is the true Courſe and Diſtance made gogd in 24 
Hours time. With the Courſe S8. E. and Diſtance 102 lay 
ir down as in plain Sailing Geometrica!, and 

then it wil: 2ppcar as in the Triangle, ABC, Fiz. 66. 
and the Ship ſhould be ut 4; but hbecauie the 

Currents fets 20 Miles Weſt in the fame time, ſet of 33 
wiiles from A to D becauſe from à 4 to D is Weſt; then 
is the true Place of the Ship at O, therefore draw the 
ine CD, then is the Triangle CBD the true Projection of 
the Queſtion, with Allowance for the Current, in which 
the Angle BCD 29.59. is the true Courſe made good, 
the Hy potenuſe CD 8.6. the Diſtance, the Leg CB 70. 
7. is the difterence of Latitude, an B.D. 490.7. is the De- 
parture, as may be found by Mealuring them Geome- 
trically. 

Arithmetical Calculation. 


By Caſe the firſt of plain Sailing. 


45 Radiis —o— — 00.0 -o. 00090 
To the Diſtance . —» 10.0 — 200000 
To Sine Comp. Courle — — 45.9 — 9.849048 


To difference of Latitude !äĩé—- 0% — 1.849048 


The departure is alſo 70.7 equal to difference of La- 
titude, becauſe the Courſe is South Eaſt, 91g. at an An- 
ele of 45 degrees. 

But becauſe the Current had ſet her 30 Miles W. in 
the ſaine time, therefore ſubtract 30 from the departure 
found 70.7, there remains 40.7, the true departure 
with allowance for the Current. 

Then you have the true difference of Latitude and 
Departure given to find Courle and Diſtance, by Caſe 
the Sixth of plain Sailing 


As difference of Latitude ————— 77 - 184948 
To Radius — — oo - 0.99900 
So true departure —T 40.7 — 1.60959 
| —ñ — ono — 

To Tangent of the Cour fe 29 55 — . 7001 L 
1 2 | Then 
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Then for the Diſtance. 


As Sine of the Courſe — 29.5 9. bodo 
Jo Departure 49.7 —1.60gz9 
So is Radius — 00.9—10.00005 


—Y 
—— — 


—B 


» 


To the diſtance made good — $1.6 —1.91155 

Or the Diſtance may te found thus, by Caſe the 
Fourth of oblique plain Trianales. 

In the oblique Triangle BCD there is given the ſide 
RC 100 and the fide DC zo, and the Angle between 
them 45 degrees: Then by Caſe the Fourth of obligue 
Y in Iriengles. 


Co. Ar. 
nc ebe Sum ol the SHGS eoomooemce 130 7.88606 
In he Were WE ot the ſides 70 1. 84509 
Gt the Taug. of : the Sum ef the 


Cn An 21ES. 3 07.30-10.38277 


AA 


To iis Tang. of £ their Difference. 52.26.10.11392 


Hee te Augle DBC is 119 56, and the Angle 


AA. 

Iies jar the Side B D, which is the true Diſtance 
11140 od. 
a Sine 1 56 154 4m Co. ar. 0.58513 
15 te Sie 45 . 30 3 — 1.4771: 
t(3 10 Lic ine G! 50 D — — 45 0— 0.840428 


20 tie ie . $1.6 the Diſtance required 11.6173 


— 


a 
— — 


be pl ihe Carrent had ſet upon an oblique Courſe, 
ee 5 i, North, or South, the Opc ratio! 
i ' Cen rien Gulli cult . As tor Example, 


/ Jl; 4 


2 LL 


0.99809 
2.00001 
— {— 


1.91133 


aſe the 


the ſide 
"et Ween 


obligue 


CO, Ar, 
. 88006 


84509 
38275 


durſe, 
Aten 


Tr 
$3 774.0 
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A Ship ſails S. E. 100 Vile @ 0, in a Current Hat ſets 
N. N. JV. 30 Miles d ar; 18 man? the Courſi, Bi- 
fonce, Difference 6 of Lat itule aud D. 'PaUrture mad, oood 


in one Day. 


Geometrical Conflrufion. 


Lay down the Triangle ABC, as in the ſore- 
zoing Queſtion, with the Courſe &. E. viz. 
An Angle of 45 Degrees, the Diſtance 190, 
the Diſterence of Latitude 70 7, and the Departure the 
ſame as found before; then ſhould the Ship beat 1; 
hut becauſe the Current in that Time hath jet the Ship 

o Miles N. N. W. therefore ſet oi $30 Miles N. N. W. 
from A to 4, which may be done by the Rule laid don in 
Traverſe failing Geometrical ; for ſe-ing the Line CA 1s 
8. E. from C to 4, it muſt needs be Mtb /i, from A to 
C; and then ſceing the Current ſets N. N. W. which is 2 
Points to the Norward of Nor!hb JI, therefore with the 
Chord of Go, and one Foot in 4, draw the Arch #4, 
upon which ſet off 2 Points from g to %, and draw 44, 
which is a N. N. W. Line, upon which ſet of 30 (che 
Current's Race) from A to 4, and then is the true Plage 
of the Ship at 4, her true Piſtince, Cd 73 2 Miles, her 
difference of Latitude 69 43 0 Miles, 4 her Depar- 
turegd 592 Miles, and the Arch & þ meaſures the Angle 
at C 54d om the Courſe required. 


. 67. 


4 


* 


Arithimotical Calculation. : 


In the Triangle A $4 right angled at S, yon have 
given the Hypotenuſe 44 30, and the Angle at A 67 
39 (becauſe Ad isa N. N. W. Line) to find 4 and £4 
by Caſe the firit ol rizht-angled plain Triangles. 


Y 2 
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As Radius — 
To the Hypotenuſe A 4 
So is the Sine of the Angle at A 3 


CO OO 10.000 
30 — 1.7 
07 30 9.99361 


— — 
To the Leg $4 | — 27 7 11.4427; 


* 


As Radius — — 00 © 10.0295 
To the Hypotenuſe #4 d——_— 30 — 1.4771: 
So is the Sine of the Angle at 4 22 30 g. 5878 


— 
— 


II 5 41 05905 


* 


To the Leg 18.łꝶk.“) 


— — 


1 


The Leg Sd 27 7 equal to 3B, ſubtracted from the 
whole difference of Latitude CB 70 7, leaves C q the 
true difference of Latitude 43 ©; and the Leg $A 11 
5, ſubtraQed from the whole Departure 70 7, leaves 59 
2, the true Departure: By which you may find the 
true Courſe and Diſtance by Caſe the ſixth of plain 
Sailing. 


As difference of Latitude — 
To Radius — 
So is Departure —— wa 


$9 2— 1.77232 


To the Tang. of the Courſe 


54 0—10. 13886 


— 


1 


As Sine Comp. Courſe 5 Com 
To difference of Latitude 
So 15 Radius 


— 54 0— 9 7021 
— 43 — 1.63340 
— 90 Oro. doooo 


To the Diſtan ce 73 Gow 1.864285 
— — —— 


The true Courſe is 34 Deg. from the South Eaſt- 
ward, or S. E. near 4 Ezft, and the Diſtance is 732 
Miles. 
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CASETL Courſe and Niftanre [ailed, and Courſe an 1; 
tance made good, it en, to find the Courſe and M250. if 


the Current. 


A Ship ſails (by the Compaſs) S. by E. 35 Miles, 
and then arrives at a Place Which is known to bear 
from the Place ſail'd from S. E. by S. 54 Miles, (ha- 
ving been deceived by an unknovn Carrent) J de: 
mand which Way the Current fets, and YL ow tat, 
ſugpoſing the Ship to ſail dy the 1.02 ne 


a hour. 


Goon.” Fri: 21 Con, 7: Us 716M, 


In this, all and other Caſes oi Current, 28 

nell as plain Sailing, Traverſe Sc. draw the 1%. 
Worth and South Line 4B, and ict of the 
Courſe ſteer d S. by F. and the Diitance 25 NI es f. f 
to C; then ſet off alſo the Courſe and Diltance ale good 
541 Miles S. E. by S. tram 4 to D; Then becauſe by the 
Courſe ſteer d by the Compaſs, and Diltance run ty the 
Log, the Ship ſhould have been at C, bur is found at O, 
therefore J am fate there is ſome Current hath ſet me 
the fare Time trom C to D, therefore draw the Line 5 
for the ſet of the Current, which mealured will be toil 
to be 25 Miles. And the Angle AC , accounted from the 
N by W. Point (becauſe the Line CA is a N. by W. Line) 
will be foun! to be 11 Points from the N. by W. Eait- 
wards, Lig. E. S. E. o Dez. 9 Min. ſoutherly, for the true 
Courſe of the Current by the Rule laid down in Tra- 
verſe failing Geometrical for laying down Courics by 
Diitince of Points. 


CH 


 Arithmetical Calculation. 


In the oblique Triangle 40 D, you have given the 
ſide AC 36 Miles, and the fide AD 54 Miles, and the 
Angle between them 2 Points, or 224 3om (beins the 
Diltance betwe een S. by E. and S. E. by S.) to find the 

4 Angle 
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Angie 4 CD, and the fide C D, by Caſe the Fourth of 


Co. Ir. 
roads.” 3 17 0457 


oblique plain Triangles. 

As the Sum of the given ſides 
To their Dieren 3 
So Tang. of 


— — 18 — 


Sum of unknown Angles 15:45 


To T an-, of 


* 1 SN * 
their Liutrence — — — 25.0 8 


3.1 — 7 Vii vt 1 1 3 91 {he A no |. - 454 Oiti 
Aclded to the hail iam 


! OI 


» 0 * 
—7 45 


— JO 16.9. — 


2 * * , Pp N 
The fairy is the A qo 5 
* n 4 * ; * 4 2 1 5 4 
* e 7 * e ay h * | Yy 
Rien rene tA FONTS. 91 the Compaſs, 1s 11. Point 
& Deg. o Xin. and that accounted from N. he M . 
E.. 8. E. 0 deg. U nin. JedIPcily, for the truc Cours 


51 ne LAITONRt- 
Ihen for the Side C. D the Current 
A2 


As int of the Angle 40 n 559 2.8292: 
To the fide 2 Nod P 
' 0 4 4 75 — — ems _ — — 
> antes aan Eg 3 1.73239 
30 18 line ot tac Angle CAI 22 30 — 9.5 8283 

EI ; - 1 - 4 
To the ſide CI required 25 1.39014 


So that the Current ſet 2; Viiies E. S. E. o min. 55a; 
trevly. 0 the tit that the Shi laid, by the Log, 5 
XItles 8 S. by E. and ſuppoſing the Ship to ſail 4 Miles 
1. Har: ne would fail 36 Miles in © Hours, in which 
time the Current ſet 25 "Miles, there ſore divide 2; 'y 


©, the Quotient 2; Miles is the Hourly Motion of the 
Current. 


CASE III. Courſe and Diſtance made good hy the 
Ship, and Courſe and Alotion of the Current given, 
to ünd the Courſe and Piſtancs ſail'd: Or, more pro- 
perly thus, Having the Bearing and Diftance, between 
two Ports or Itlands, Even, and having alſo the Courſe 

and Motion of a Curren: 
erty to find what 


that lies betucen them 
Court to Bcer by the Compais, 
Or 


— 1. 255 27 
19.7013 


— — — — 


5 Race * SA 


Curre 
Miles 
from 
fore 1 
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er how much to Windward of your true Courſe to ſteer, 
at ſo the Compound Niotion of the Ship may guſt 
her to the defired Port 

There are two Iflan.is A and . The Courſe from 
8 to A is Seuth 40 Negrees, IIe y $o Niles: The 
Current ſets Ealt 2; Miles an Hour, a Ship ſails 43 
Miles an Hour, I demand what Courſe ſhe muſt ſteer 
from B to 4, and how tar ſhe mutt fail by the Log be- 
tore ſhe arrive at A, the Port deſired. 


Geometrical Cinfiruficn. 


Draw the N. and S. Line B D, and ſet off 
the Cour.e and Diſtance from B to A South 4 Fig. 6g. 
Degrees 71%, 8o Miles from B to 4: Then be- 
canſe the Current ſets Eaſt, draw the Eaſt and Weſt Line 
AC at Pleaſure, by the Rule laid down in Traverſe ſailing 
Geometrical, then is the fide B 80 Miles, and the Angle 
C 1304 oom given, but you have no other ſide nor 
Angle given in the oblique Triangle ABC, but you 
hare the Proportion of the two ſides C A and CB, 
tor C repreſents the Motion of the Current 2: Miles 
an Hour, and BC repreſents the Motion of the Ship 
thro the Water 4% Miles an Hour: Therctore find the 
angle 4 BC by Caſe the Second of oblique plain Tri- 
2ngles. 


\s the ſide BC 45, or in Decimals — 4.3 Co. Ar. 9.3 20 
To the Angle BAC — 130. o 9.88425 
do the fide AC 25, Or — 2.5 0.3970 


To the. fine of the Angle AB C=—25;.11 — 9.628 


* 


7 
2 


. 


pn 


; | 


MX 


* 


'S 
- 


The Angle ABC is 254—11m, therefore make the 
Angle 4B C 25.11, and draw the Line BC to cut AC 
in C, and then is the Projection finiſhed, and the Angle 
ABC 25 11 added to the Angle ABD 404—om, the 
lum Cd -im trom the Sorth JI'ferly, or W.S.W 
almoſt 4 Scutherly, is the Courſe that the Ship mult 
icer to gain the Port with Allowance for the Cur- 


rent. 
T hen 
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Then for the fide BC, the Diſtance ſail'd by tt 


OY 


Log, ſubſtract the Sum of the two Angles 4 ang Þ 
1554—11im from 1804—om, the Remainder 


24d. 
is the Angle ACB Then. 8 


As Sine of the Angle AC B——— 24.49 Co. Ar. > 


To its oppoſite Side B 4 —— 80 ES 4 5 
So fine of the Angle B A Com—— 0-0 .li 


The Diſtance fail'd by the Log is 146 Miles, zul 
the Rate of Sailing is 4+ Miles an Hour, therefore di. 
vide 140 by 4, the Quotient 324 is the Hours that the 
Ship wil be in ſailing from B to A. 

Now it you would prove the Work, multiply zs, 
the Hours that the Ship is in failing by 25, the Miles 
that the Current ſets in one Hour, the Quotient 18. 
is the Miles that the Current ſets in that Time repre. 
ſented by the ſide AC, which you will alſo find to le 
rrue by the following Canon. 


As fine of B AC 22 139.9 Co. Ar. 0.17; 


To fide oppoſite B C — 40 — 2.16439 
So ſine of AB Co R222 —25.71 0.62891 


To fide oppoſite A Cm 


$1.1 a 1.90905 


Note, It is neceſſary in this Caſe to know how fa: 
the Ship ſails, for the faſter ſhe ſails, the leſs ſhe need 
ive te Windward oi her true Courſe againſt the Cur 
rent, 


Cafe IV, cr Queſtion IV. 


I here are other Varieties in ſailing in a Current, ſome 
©: which I ſhall inſtance for the Learaer's Improvement 
224 Diverſios. 
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/ Carrent ſets 22 Mriiesa Day F. N. F. 7 Shin Ludi ug there. 
in Herd 8.8. 2 by the Comp; -, op l ü in 24. Lirurs 

97 IS TO Nirles dient fron: e ale [ir 1 Jim 3 
mann Ol e172 Point! 2 e hat h fie Her 74 a 72 8 A4 2 44 


bow ſar foe haih ſail'd by ite Log 


Goometrical Cirfiraci ion, 
7 


Draw the N. and S. Line JB, an! ſet 6.7 
the Ship's Coarſe i? E d 9 8. . 305 2714 .. 
raw the Line AC contimicd ; then an wy Wr 
upon that Line, a At C, e NE ene tee 
Li ie DC ! * the i wid Gown in Traverte lin C0. 
metrical to repret-: it the Set of the Current, Poa Mh ck 
ſet off 32 Miles, the Current's Motion in 24 Ho is, from 
C to D, then at the neare!! Niltance from Y to the lune 
AC (which here happens to be the Length of the Line 
CD, becauſe C is perpendicular to 40) draw the Pa- 
rallel b D, then with 50 Mites the Diſtance me 2004) 
in your Compaſſes, and one Foot in A deſcribe the Arch 
By continued, and where it cuts the Parallel Y as in e, 
1 th= Line 2 E, drawing it Parallel to the I. ine 7 
* Then is Ag 79 "Miles the Ditt. made good, V 22 
Niles the Sr cf the Current E. N. E. "The 1.11: 4 
E 62. Miles, the D. ſtance fail'd by the Log, aud ibe 
Angle E. 1g 254 izm added to the A. agle B AC 221—20m, 
the Sur a0 =- is the Courſe made good from the 
South Kuft.ard, or the Arch km meaſured on the Rumbs, 
gives S. E. Leg. 42 Min. Eatterly. 


A! met 27 L 2. Culg tion. 


In the Triangle AT, vou have given the Diſtance 
made good Ao 70 Miles, and the Notion of the Cur- 
rent Ep 42 Males, aud the Angle JEE (which hap- 
peng here 10 be a Right Angle) po dev. to find the An- 
ge FA thus | 


As 


3 


1 — 4 —— == 322 „„ „ 42 | 
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As fide Ao — 


x 70 —ͤ —-— 1 8185 

To Angle oppolite A E EL 90.60.10 500 
Los 4 y 
— — 

To Angle N E fe — 27.12—9. 60835 


dne Angle EA 274 12m added to the Angle Bir 


22 go the Sum 49 42 is the true Courſe, made 
© CO) 17 OM tne South Eaitwards, VIS. S. E. 41 42m Ez. 
Yer, 


tance ſail'd by the Los 


Ry 


Then tor the Side 4 & the Dit 


As Sine 4 g —— od om 1 20525 
To ſide oppoiite 4E 
90 Sine 18 4 


— — — 602 5 SEO 


T o-$4- 


oppoſite A E 82 


The Courſe made god is &. F. 44 42m Eaſterly, 20d 
tie Piſtance fit d hy the J. og is 62.3 Miles. 

And it 500 would prove the Work by inverting d the 
Ce ſtion, and prepoſing it in the firſt Caſe of Current 
Saling, thus. 

A 1 jails S. S. E. 2.3 Miles in a Current that iets 
FE. N. E. 32 Miles, in the ſame kite you wall find the 
Aniwer produces 79 Miles S. E. 44 42m Eatterly, tor 
ttc Court and Diſtance made good. 

Nate, Although in this Caſe the Triangle Als ls 
Fuirht-anfled, becauſe the Current's Race 
masses 2 Right-angle with the Ship's Cour 8 $ 8. E. 
et in any other Caſe it would have been an oblique 
4 1:2"; but the Rules both for Projection and Cal- 
C1234: would have bech the ſame. 


Ailton the Piſtih, A Ship ſails 72 Miles a Day 
y the ln, ima Current that ſers Fatt 1: Miks a Day, 


. 1 Fa 2 a 1 1 3 x 47: ; * 
and ben nds th: ſne bath made Her W * go "4 
* 4 - * . 4 21 . 

South Font, 1 dgemand why Cre Sie ſteer d li the 


4 3 8 N ; ; : e 8 1 
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Geometrical Conftructicn. 


Draw AB, and with an Angle of :; des. 
te Cour ſe made good, draw the Line AC Hg 71. 
(ontinued, then with 72 the Diſtance ſan'd by 

+ Los ſweep the Arch BA; then any where upon the 
Line AB as at B, make an E alt and Weſt Line, becau e 
us Current ſets Eaſt; then take 12 Mit-s in your Come 
paſſes, the Current's Motion, and ſet it Parallel to F , 
nd fo as that it may juſt extend from the Arch B to the 
line AC, as here from e tog, and draw the Line eg and 
s done—or if you think this Method too mechanic 
or Jayir:z down the ine ge you may do it thus: You - 
-re-ſce that in the Triangle Jes when laid dow n, there 
Sul de given the fide Ae 72, and the Angle oppoſite to 
it 43 deg. and the tide eg 12, to find the 4 \ngle eg thus. 


a8 Side 1e— — —— 
To fine of Angle oppoſite 4g e 


72 Co. Ar. 8.142657 
- a © 4 
45-0 — 9.54048 


50 fide 22 — — 12 1.07018 
To fine of Angle oppoſite g Ac 6.46 9.07133 


which added to the Angle Age 45 deg. the Sum 57. 
46 ſubtracted from 180, leaves 128. 14. the Angir, 
Aeg, therefore having ſet off 72 trom 4, upon the 
Line Ae from A to c, at e draw the Line ee, to make 
an Angle of 128.14 with the Line Ae, this Line it care- 
fully done will juſt contain 12 ſuch Parts, whereot the 
Line Ae Contains 72, by that time it 1s extended to cut 
the Line .4 2 


Then for the ſide Ag the Diſtance made go. 


6.46 Co. J. 0.9285 
1. C708 
80 ſine 011672 —— 28.4 — 89554 


$ line Ot e 16 — — 
1 


234 Qreſtions concerning Currents. 


There ſore for the Courſe ſteer'd, ſubtract the Ane. 
e 12 6.40 from the whole Angle given b Ag 43, the 
Remainder 8.14 is the Angle, 7. the Couric ſteer 4. 
and the ſide 47 tound to be 80 is the Diſtance made 
good. 

Ne, In finding the fine of any Angle ove 99 De. 
grees, you muſt ſubtract the Anvie (whoſe £ une is re. 
quircd) from 189 deg. the fine of the Remainder, ;; 
the line of the Angle required, as in the Example a' Ove, 
where the ſine ot 128.14 is required, ſultract 128.15 
trom 180, the Remainder 514 40m ſought in the Table of 
fines, the fine anſwering to it is 9.89514, which is af 
the ſine of 128.14 which was required; the Reaſon of 
whick-is evident from the Diagram at the Beginning of 
this Book, in which if you account 1284 14m from ! 
upon the Arch & 90 &, it will reach to the Point x, and 
the Perpendicular x2 is equal to a Perpendicular let 
fall from 514 45m, as you may obſerye by the Degrees 
numbred from & upwards towards go, the ſame Dearee 
and Minute which anſwers to 128 14 if number'd tron 
r, anſwers to 31 46 it numbred from &, Sc. 

And thus much for plain Sailing in a Current; m2. 
ny more Queſtions might be inv ented from other Datu's, 
but I would ſtudy Brevity, that the Book may not be 
too chargeable to the Buyer, uppoling that by a right: 

Underſtanding of theſe Rules the Ingenious will be 
alle to project, and anſwer any other Caſe or Queſtion 
in that Kind; and as for Traverſe Sailing in a Current, 
although 1 thought to have placed it in a Section or 
Chapter by it ſelt, yet I find it altogether prey tor 
the Courſes being firſt all reduced to one, by the Rules 
laid down in Traverſe Sating, the Operation for allow- 
ing for known Currents, or fin hing the Courſe and Mo. 
tion ot unknown Currents, 15 the very ſame with the 
Rules here laid down. x 


9 


4. 


the Ane]. 
1 75 tha 
IE ſteer 

5 


nde made 


E 009 De. 
ne 15 re. 
inder, ;; 
Is above, 
t 128. 14 
Table or 
ch is alſo 
v aſon of 
nung of 
from & 
t x, and 


ular le * | . 
Dom To Windwar d In 4 


| Degrce 


d from 
z[CURRENT 
Datt's, 8 » 
not be | 
a right 
will be 
ueſtion HIS may alſo be divided into ſevera! 
,urrent, Caſes, of which I ſhall ſpeak in order 
tion or but that which is chicfy uſeful 1: 
ls; for where the Courſe and Motion ot the 
2 Rules Current is given, with the Courſe and 
allow- Diſtance between the Place ſail d from, 
d Mo. and the Place bound for, and from 
ith the what Point the Wind blows, and how near the Wind 
r the Ship will make her Way good (tor theſe tour 
Things are commonly given or known) to find how 
lng ſhe muſt lie upon each Tack to gain her Port, 
ſuppoſing her Rate of running or Miles fai!'d in as 
57 Hour by the Log, be alſo given or known, 


en, 
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Exemple, Ducſtion the Firſt. As 05 


There are two Iſlands A and B, A is diſtant fron y ©* 
oo Leagues due North: a Current lets from 4 tr 1 
wards B ſouth 2 Niiles an Hour, a Ship at A intendin- To 
tor B meets with th. Wind at Soath, gets her Startoa;4 
Tacks aboard, and makes her Way good within 5: 


Degrees of the Winds, and fails four Miles an Hour by Kaen 
the Log, I demand how: long ſhe mull lye upon each wy 
Tack to gain her Port, and what Courſe ihe make; 4 
good. 13 5 
Geometrical Conflrufion. 
Draw AB repreſentins the Bearing and Di. _ 
Fir. 72. ſtance of the 2 Iſhancs, gig. N. go Leagues, up. 2 
on the middle of which erect the Perpendicy. ” 0 
lar JC, then draw the Line 4 C to make an Angle of 72 x 
Lez recs, with the Line AB, and continue the Line 40 Me 
till it cut the Perpendicular 4 C in C, and draw the Line wn 
CPB, ſo ſhall the fſoiceles Triangle A B C repreſent the oP 
two Iflands, and the Ship's Wav to them without any Al. - | 
Kowance for the Current, the Line A C repreſenting tis —_ 
Ship's Way with her Starboard Tacks aboard 72 de. = 
:rom the Wind, and the Line CB her Way, with the Lar- 5 8 
board Tacks abo: ard to fetch the Iſland; but becauſe every - 
Hour while the Ship fails four Miles by the Log, the 4 
Current ſets her 2 Miles to the Southward, therefore = 
tnd how miny Hours the Ship 1s in Sailing from A to * 
(. by the Log; in order to which you muſt find the 8 
2 AC by dividing the Itoſceles Triangle ABC into 15 
tuo Right angled Triangles 4 C and BAC, then in the = 
1 riangle 4 DC you have given the Leg 44 45 (being T. 
halt the whole Line AB Which is 90) "and the Angle * 
4 4C 72d. conſequently the Angle 40d 184 to , 
ud the Hy potenuſe AC ts Caſe the fourth, of right 
Angled ple Triangles 
I 
46 


As  elc 


from B 
A kr). 
tendin, 
road 


nt the 
ny Al. 
g the 
a deg. 
e Lar. 
every 
o, the 
refore 
1 4 to 
d the 
into 
in the 
(being 
Angle 
to 
right 


As 
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As ſine ol AC „ . 8 
10 lids oppoſite 4 — 55 1 33 
0 Kadi 46 — 60 — 0 — 10.5355 


To Hypetenuſe 1 . Gp 


* - — , * * 
U 2 A . 18 145 7 Le. es r * — } XII. ny. 1h \\ l, (+) 8 
* / ' [#0 8 
I! by 4 tne Mi:cs } ii * 111 Oe [ 12 5 2 * LE 44 To 


is the: Hours, mn Mhich the Ship 0441 
FETT = 4 
E but the Gurrent-ic!ttny South 2 Nis in 110 jt 


— 


te plain that in 109 Toh it hath ſet. Soicth 213 Mit, 55 
or 72 Leagues; thereèlore draw wp South ine Cr, 
cauſe. while ſne ſail'd by the Ion from to C. 1: 
Current hath ſet her from » tor; therefore ran the ine 
A? which ſhall repreſent te. trac co. g Sund 10 t 511 
of the Ship or Courſe made good; bat cause the 1s 
to lye upon that Tack, but on! itil me be got Halt AV ay 
to the port ſail'd for, oblerye Where the lie , 
cuts the Perpendicular Jas in e, and then is the An- 


7 20 . ' „ OE. 
cle Ae, 243 7M tue true Courle made aood by 
reaſon of the Curren“ 5 an. tlie Line A 5 tin tne D. 


ſtance ſail'd upon the Starboard Hack, / . 695.5 Een, 
an! eB the Diſtance 1ail'd upon the Lar. Tack being 
aio. C0. 3 Leag. But to know how tar ſhe will have 


Hild by the Log, by that time that ſhe. will be at 
by the Heip ol the Current, draw er parallel to o C, 
this Parallel ſnall cut 4% ani 4g proportiona wly by 


— 


Euclid. I. ib. G. prop. 2. ig. As g to Ae, lo 10 to 4 8 
hence A meaſured wilt be found to be rz. league 


> de Hp 
or 166.3 Miles ſail'd by the Loz, which vivided 20 
four, t the Nitzs ſall'd by the 1.97 in one Hour, wives 
411 Hours, the time to itand upon the Starhonrd 
Tack, ani the ſame upon the Larbonrd, to fall in 18 
the Iſland at B, &c. 


7 7 4 £ * s 3 7 3 
Ar ithm „ Ul 9 i# ien. 


In the oblique I riangle AC 2, there is given the 415 

46 43 Miles 5, and the ſide . 218 Mile 8 Ind be. 

gle ind 1111 Ae d A C2 1084. OM. 'to fi: 1d the An le w ACh 
2 
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ly Cafe the Fourth of oblique angled plain TII. 


7 5 Sum 01 the ſides —n — — 54 Co. Ar. =» 7. 48773 


4 0 itt. ot the ſides 3 = 33 Te 

* — 15 . 5 .. 4 5 — 6 * 4 . 3 

So 14n7. ot: Sum of unkno. Ang. 36.0 0.86125 
— 


To Tang. of ; their Differenceomms] 3.5 7mm 9.38472 


The half difference 134 37m. ſubtracted fron the hal- 
Sum 35.0, reits 224 23m the Angle CAg, Which 1. 
tracted from the whole Angle 1AC 724—onm leaye; 
the Angle d 1e 49 !—37m the Courſe made good. 

Then for the true Diſtance made good Ae: In the 
Triangle A/c you have given Ad 45 Leagues, a: al 
the Angle 4 He 1204 37m, conſequently the Angle Ae 1 
4 -ein to find 4e by Cale the ſecond of Rich 


angled plain Iraangics. 


"To ſde oppoſite 14 — 45 1.6522 
So Radius — — 00 — OO — [0.00909 
To Hypotenuſe 4e - — 69.3 — 84071 


Then for the Diſtance ſail'd by the Log Ak (while 
! the Help of the Current ſhe is carried to e.) 

In the T'riangle A Ee, you have given 4e 69.3, and 
vou have given all the 3 Angles, vis, Ake equal to 4 
Co: 108 —Om, and Ae k equal to AgC equal to 225 
40% — 37m, and k fe 22d4—2 zu, equal to g AC, 
find the fide 4 by Caſe the firſt of oblique * 


plain Triangles. 


As fine Of 410. U. Ao Co. Ar. o. oꝛ 179 
To ſive oppoſite Ae —— 0.7 ws 1.84071 
So ſine of Ae k — 40 — 237 0.88189 


To side oppoſite A & ennn—_——_— cy 7430 


The 


Which w:ll fall upon the Nie 


ft * - # &þ , £ 
Pleaſant and Lu Proftioms. 72 0 


- 
8 
þ 2 N 3 * 5 of 


The ſide Ak, the diſtince fail'd by the Log, is 56.8 
Leizuzs, or 166.5 Nliles, uhich divided by 4, the 
Miles fail'd in one Hour by the Log, the Quotient 
412 15 tlie Hours that ine mat ſt lye upon the Ster! o0ard 
Tack, in which Time ſhe is carried bye the 3 the 
Current from 4 to e, and then lin; the ſme Time 
upon the Larboard Pack, ſhe will arrive at B, the de- 
ſired Port; fo that in 83 Hours. ſhe pe rſhrims the 
Voyage of 90 Leagues, although upon a Wind by the 
Help of the Current, which, had th-re been no Cur- 
rent, would have required 218 Hours, or 9 Days, 
and 2 Hours. ; 


Queſtion the Second. 


There ore 2 Iſlands Giflant 459 Mil.s e S. from 
each other, ſuppoſe A 1 B, A being the Nertberm {+ 
A Ship at A intenin? for B, meets with the Hind tt 
South, ſhe gets her farboard Tacks aboard, aul mais hor 
I! ay $004 through the IT ater, within 72 Des rees O& the 
Il in, a Current at the ſame Time ſetting South 24 Mis o 
Dey, ge fiood 4 Days upon each Tack, aul then arriv-d at 
be Port at B: I demand my Courſe end Diſtance mit i: 
goed i pon cach Tack. 


; «4 a & „ * 1 * 4 4 - 
. a . 58 6 Al Co. . 7 106 . 


Draw the Line AB 40, and at in Anzle of 
Srees, d rav AD. and B 5 to cut een ca: n 
from that Interſection let fall the Pernetioicu! 
liddte of he Line „ ti. 
is the Projection ſiniſhed without 
Current; but hecayſe in thit 4 Days tat ne had! 
ſtarboard Tacks aboard, the Current had jet nher 96 


, T'Y 

\ 1 

4 1 94 £> 23 * 
10 vY — 9 % * # „ 


| Miles, {et oft 05 from C to & and þ and ara KF And 


ee parallel to CD, and where theſe Paraliis cut the 
Lines 4% and B D, as at g and ?, © | 
to cut the Perpendicular CD in *, $534 nen ta tae 

1 Inter- 


7 W * 4 - . ”" -% \® +, 4 
yy a , . 2 #1 7 e C 071% Ci 1112 Citi / e 1. 


rene tinn at m, dran the Lines Am and Bm, ſor 
tete Lines ſhall repreſent the true compound Motion 
the Sip, or Cure and Putance made ponu, 7;2, 
Ihe Angle Cn 874 4cm 2 
from the Meridian, and the Line Am equal to 1B 


1 


t. ts $24 15 4*-3 +4; FD 4 $99.1 ES ar? & þ » # 12 . — w 99 ( 
di * t 4/444 e 4234 Is 501 t 405 las + 9 Js 


1 „e 


F 
S4 $4 DOIN 4 s 893 4 414.1. 8 £15 * 


In the Triznzle Act right angled a: e, you hare 


NY 
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p # 7 f 4 KL «ov 0 4 7 
gzlren the Leg de 104, ht: tne Ange AT RA. Ton. 
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. GY enn 
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4 9 * HN 01 41 1 714 — 2 — 1. 5 900 Have Wen 
8 n 7 4 , ; . 1 an 7 1 „ 0 p 
fie fig 33%. and the de gu od, becaut'e equa 
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10 , 4 1 1 . ” 7; £4 Anse 11 6 i ? fr 7 1084 92 0 Zud 
4 4 b 3 (#4 P S 4 - ho 225 deen _ His ww i, $g _—_—_ i 5 4 
i A a , 
Tit? — * 
Co. Ar. 
e 1 6 _ i 
Ly n 2 5 es mw = 7 ne" f T2, — | 402 
© * 5 ; 4 ? . n 
(i] 1 21 che 1 1 * 240.8 2.28111 
* F % ; * * 1 % 
Fa #1 . 1 , _ = , 
ws | J 4 al = 3 — Ii. - 3 0 * „2 ———ß—— "TS 120 
es —¾ wc 
— . 7” + f* * * # 
=? + 7 Heb 35 214 S2\K 9 2 25— 0039 


1 7 y | 4 0 We a 4 6 ü 
(Geude the Angleg Anm 14 14%—=0m, which ſubtracted 

D es the Courſe made 
good, n 58. — on The: ior the Diſtance made 


- * 
894 * CS * 8 
4 * gie / ”- by 


Co. Ar. 


= E” = © "Y #. 
A; tne of Of —— ——— 14d. Oih.o——0.61032 
* ih * E 6 -- a — 1 
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50 Une ol 1 m !. 
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s the Courſe made good 
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them to ſteer away South, and in Runnine - | 
UON that Court, they Arved at B. 26d. $3393: 302 
his Buſineis there, they Reerzd North Wel, 1 f 
ning 380 Miles upon nat Caurſe, chey arrived at 
Now I demand, low the lhlandis bear ein cure th. 
and HOW tir HAtant :; 4110 A hich Wa ne ren | 


! } 11 , 3 B , - 
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the Motion of the Carrent during the Shire ' 4 
tram. A to d and lrom 7 to ; tor the 12 | | 
which you have given the five 40 270, and tc | j 
4D 330, and the conta:2 tf Angle 45 dex. to find 1 4 
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Angle ACD by Caſe the fourth, of 
Triangles. 


As Sum of the ſides 
To Difference of the ſides 


110 2.04139 
So Tang. of; Sum of unkn. Ang. 67.30 10.382757 
To Tang. of 


: their difference 22.13——— 9.61124 


The half Sum added to the half Difference, makes the 
bigger Angle ACD 839.43. 


Then ſor the fide C D. 


Co. Ar. 
As fine of ACD —.— — 8). 4; ———C Yor 
To hac oppoſite 41 D mn—_———— 380 2.57978 
So ine of C4177 — — 45.0 948 
To fide oppoſite 5 7. -- 2.42925 


The fide CD 268.7 Miles is the Current's Race du. 
ring the wiiole Voyage: Now to find the Bearing and 
Diflence of the Iiflands, we ſee that in the whole Voy- 
age, out and home the Ship runs 650 Miles, which 
at 5 Miles an Hour, requires 130 Hours, in which 
time the Current ſets 268.7 Miles, but her Voyage, 
outward being but 250 Miles, which at 5 Miles 
an Hour recuires but 54 Hours, therefore ſay by the 
Rule ot Three, if in 130 Hours the Current ſets 2 8.7 
Miles, how far will it let in 54 Hours? 


268.7 
3 4. 21 
TG os 245 9 (71013 fere 
10749 2333 1 © 
13435 11 
— — 
14509. 8 


The Current's Race while the Ship ſails by the Log 
from A to C is 1101 almoſt, but for Eaſe of worn 
* 


Oblique plain 


650. Co. Ar. 7. 18708 


02 
os 


CO 
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we will call it r10.8, which fet upon the Line C D from 
(to B, and draw AB which repreſents the true Cone 
ind Iiſtance between the two iflans, for the finyi., - 
of which — Calculation, vou have dien, id the . 
angle ABC, tne fide 40 2705 and the ide C 1:0.! 
and the -Sntajaed Angle J ACB 89. 427 £0 14 42 Ps 
gle CAB, by Caſe the Fourth, of Oli: que plain Tri. 


1 
282 les. 
Co. Ar; 
As Sam of ſides — 380.8 —7.4t 032 
To Diitecrence 07 the ſides — — I £ (1,2 ——? 28 "IS 1 
So Tang. of; Sum unknown Angles— 437. — 0.29292 
To Tang. of 3 their Difference — 22.47 9.52328 


Hence the Angle CAB is 224 21m, the true Conf 
from A to B South Eaſterly, which is S. S. . „ mw, 
Southerly. 


Then for the ſide AE the true Diſtance berucen the 
Iſlands. 


Co. 41 
As fine of CAB . — 22.21 0.41972 
To {de oppoſite UE - — 0, 
$0 Ling of {HC BÞB —— $0.43 —— Ly 00 
To ſde oppoſite A B — 22 — 085 
The true Diſtance between the two Iüonds is 291.4 


Miles. 

The Courſe of the Current is the Anale 47 73, 
ſonnd by the firit Operation 894. 43m. on the N&:th 
Eaſterly, whici is Eaſt 17 Minutes Northerle, and s 
for the Rate or Motion of the Carrent's ru; in nn, it 18 
found by dividing the whole of the Current 208.7, by 
the whole Number of Hours that the Ship was un 
der Sail 130, the Quotient is the Niles tit rhe 

2. 4 (tics 


1 A 5 


* 
— 
2 
5 » 
* — un. 
— - > -> 2 
SIE. 
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Current ſeis in one Hour, as appears by the Ope. 


ration. 
{ 
c o 87 | 
138 708.7 2 
ies 

Hence in anſwer to what was demanded, the Courſe 
from A to / 10 S. S. E. od. m. Souther ly. The 
iilance 291.4 Niles, the Courſe of the Current is 
Eaſt 04. 17m. Northerly, and its Rate or Wotion is 
2, . Niles an Hour. 

Now if you would dove, nay Truth of the Opera. 
tion you may eaſily do i, Inverting the Quettion, (1 
and Stating it in the Arn Caſe of Curreat Hailing 
thus. 


A Ship ſails South 5 Miles an Hour in a Current, 
t2at ſets Eaſt 17 min. Northerly 2 7 „ liles an Hour, 
i ecmand the Courſe and Difance made good, and 
you will find it will produce S. S. E. 9 min. Souther]; 
tor the Courſe, and 201.4 Miles for the Dillance ; but 


I ſh2:! i£ave the Operation for the Reader's Practice. 


EA 


bY 2 : | 
. Bun t! D 9 N b 
2 Coed = 1 
9 2 — 


Plea 
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— A 
TXT" — 2 „ 
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" - — - - = l : — — = 
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Cd 


Pleaſant and Uſeful 
QUESTIONS 


Thought to have zdded other Varictics 
of Queit.ons concerning. Currents; but 
this being but an Append; x to a {mall 

Treat ſ-, I fear if 1 yhould Proceed, 1 
24 ſhould exceed my intended Bounds, and 
therefore tall add no more, ſappolng 


85 by What is lata Gown che 11 ous 
l 7 I. 1 "11 ro 155 roj; 1 and A nis F 
r N icition in that kind: I funll non Nr Seil 


Student woy ea 
ther ne cg. 


e to my Prom: le, to Inſert ſore other iir 
ande 4 Th Quettio 19 tor tlie Reacer 5 CAE. will aud 


Divers, hon. 
Que cition the Firſt. 


There 1s 7 rod de er J. he of en unknewsn Diameice. 
upon which the 17 i# = "BN 44 [er oe er GlWRYS cne I}. 5 
bit upon what Idi, f Comneſs 15 unknown ; %% The 
Coo hereof are two Port 4 aud B, Diamctrically te 
10 each other, ſo fituatc 1 2t the Trale IT ind blowing : Here, 
will be ſome where upon the Larboard Arerter, during 
their Sailing freut A f B, bu t ho: many l oints abaft the 
Beam is unknown, thy 2 ourſe and Diftance between the 


two Ports is alſo unknown, A Ship ot A intending 


er B, was no ſooner gct out of the Haitbour, b:t be was 


effeultcd 


546 Tlea{cu! aud Uſeful Dueſtions, 
aſſeulte! by Fyrates, who after a long Conflit carry'd nw 
bis Main-Maft, Mizon-Mafi, Fore-Top-Maft, ani alſo his 
Jud der, aul came aboard to Plunder, taking away his Goods 
his Books, JInffruments, Charts, Compaſſes, &c. being leſt * 
this Difreſs be ſets his Fore-Sail, and having no Rudder yy 
ny more Sail to command her with, be let her drive Right be. 
Fere the Win, till at laſt ſhe drove @ Shore in alittle Cr;;4 
altogether unknown by the Mafeer, nor did he know the Court, 
or Diflance from this Creek, cither to the Port ſail i from, bs 
to the Pert bound fur: Kiowever, here be got ſuch Mags au! 
Sails as be hed Occaſicn for, with a Rudder, and all the: 
wes Neceſſary to the working of the Ship, but coul!! gu 
20 Bots, Charts, Iaſtruments, or Compaſſes: I deman! 

2 Means be muſt uſe to guide himſcl/ to the Pot 4; 


Anfuer. 


Although at firſt ſight this Queſtion ſeems impoſ. 
ſible to be anſwer'd from what is given, yet with a 
little Conſideration it is very eaſy; the Solution of it 
is grounded altogether upon the Thirty firſt Pro. 
poſition of the Third Book of Exclid, where it i; 
proy'd, that an Angle in a Semicircle is a Right Ay. 
gle, Sc. Now the two Ports A and B being propos d 
Oppoſite to each other, or in a Semicircle, it will 
neceſſarily follow that to what Place ſoever the Ship 
was blown from 4, right before the Wind, and put 
a Shore, the ſame Wind upon the Beam would carry 
her to the Port at B, as appears by the Figure an- 
nexcd. 


The Anzies ACB and ADB and AEB 
are all right Angles by the Propoſition 
above named; and therefore if from 4 
the Ship is hiown before the Wind to C, tis plain that 
the ſame Wind continuing, (as is here ſuppoſed) the 


Fiz. 75. 


Wind muſt needs be upon the Beam from C to B, becaule 
ACB is a juſt Square, or right Angle. 
Or, Suppoſe the Wind blow from 4 to D, and 


the Ship driven before the Wind is blown aſhore 
at 


Fir ſt 
ſent th 
b 360 
Circum 
bort 2 
Diſtanc 
in A, 
8 
Deter 
KM, 
the C 
of B 


As Ke 
To R- 
80 B 
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+ D, it is plain that (the Angie ADB being 
angle) the ſame Wind mull be hon the R 

7 to B——and for the ſame Reaſen, 

ore the Wind from A to E, the Wine Wi, 

de Beam from E to B: Sce the Demon/iration in. 


# ſelf 
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Queſtion the Second. 


There is 4 round Lake, whoſe 
erm the Coo of which [ye 2 Terts, M ant B, 26. Bj 
Merce in a ſtrais bt Line is 120 Miles, but , 
os Sitration is not Hh ? A Ship at & 2 H 
Welt a certain Diffance, and then Hrriges at dun ber un- 
len Port at L whoſe Bearing and Diftance l rem A. 
ord B are unknown, and at the Pert at L be tate Goods 
f h, 1 deman what Courſe he muſt fteer to fin the vort 
B. 
6: 


ga 75 305 NMſi les, 


near ofs 


Be 2 "IN 4 


Firſt, Draw the Circle XLMN to repre- 
ſent the Lake whoſe Diameter A M or LN 
b 260 Miles, then aſſume any Point in the 

crcumference of the Circle, as at A to repreſent the 
Port at 4; then with 120 in your Compaſſes, the 
Diſtance of the Ports in a ſtreight Line, and one Foot 
in A, the other will reach to B, biſſect the Arch 4 
B at N, and thro' N and the Center o, draw the Dia- 
neter No L, and at right Angles to it the Diameter 
KM, and draw the Line 4B, then is the Line 49 B 
the Chord of the Arch NB, and By is the Sine 


Fig. 76. 


of BN to Radius A O 180. Therefore, 

As K 0 mmm — —— I 80 2.25527 
To Radius — — ——— 00.00 — Io. ooo ο, 
% By equal to 2, 4 VO 1.7 77815 
To Sine of the Angle 2619. 1 52288 


The Angle Beg 10.28 doubled is 38 56, the whole 
Angle As (becauſe the Angles Bog and g0.1 are 


equal): Now ſuppote 


a Chip st A fails V/ to an un- 
KNOWN 


Pienjaut ard C Jef 274 
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known Port at L, I have already proved the Ane; - 
OB to be 38.50, and there fore the Angle ILA is 
28, becauſe an Angle at the Center of a Circle is dug. : 
to an Anzle mn the Circumierence, 2 Eucli l. Li; 
Prop. 20; ani therefore if from A to 7, be Weit, aa 
that from L to B is Ea, 19 Dez. 28 Min. North; 
and that is his Courie from L to B. 

Or tor Variety, if you ſuppoſe the Port at Sto 
the Port {aii'd to, and that from 4 to 18 /, 25 the 
trom S to B will be * 1 19 Deg. 28 M. Werth as b. 
ore, for the Angles ALB and A& B are equal, x; 3 
Sultcicitly demonſtrate 111 Exclit's Elements 
10rcucntioned Propoſition. 


4 


all the 


Queſtion the Third. 

4 Flect of Shiys tb Jour Men cf ur, with II u 
W. by S. (oi aher S. E. 3 Miles au aas, till He 17a; of 
ame Pyrates to the Nortbward from them, the Cauma br 
fend L out @ Mar-o'-Ier @ Cruijing, who ſails due ; North 
Miles an » Heer, Fer tho Space of 11 Hours, ani finding 
Fo Pyrate, he {after un Hour's C onfiit? ) 00k fin, the 
Ft: of ali the while Sailing S. E. 3 Miues an Hour. Nv 
demand what Crure tbe Man-of-{l ar an ihe Pyrate 
n. , ter, that they may 3. fall in with the Floe!, With. 


6ut Altering their Courſe, ſuppoſe they ſail 75 Niles an 
Hour. 
77. 


Coomecirical Conferution, 


Firft draw the Nortb and South Line C A continue! 
to B, then from 4 (the Place where the Flect va 
1 ben they heard of the Pyzates) ſet off the S. E. Line; 
AE; then 'ecauſe the Cruiling Man-of-War falld 7 
Miles an Hour North, for 11 Hours, viz. 77 Miles: 


Set off 77 Miles frum A to B, alſo becauſe the Com- 
madore ſail'd 3 Miles an Hour the 11 Hours that the 
Man. of-War was in Chaſe, and the one Hour that he 
in all 12 Hours, which at 3 Miles an 
which ſet from to D, 
the Cruiſer at Þ, we 


the 
vow 


was engaged, 
Hour is 29 Miles S. E. 
is the Commadore at D, and 


then 


DE . 
+ ih 


. 
(Tin: of 
2 0 
n fr 
North 
Hullin 
A, the 
New 
Pyr. le 
\ it Þo 


EL 
11% n 


tinue) 
E 
Line; 
ld 7 
Miles: 
Com- 
at the 
at he 
es an 
then 
when 
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tre Cruiſer {e* 5 ſail er t! le Coyne. ore: Wo Be. 
Gale, | the 1. e is Jon a, or 35 Dez. the Anile 


PAD is 135 Peg. the Side 5 is 7 f 5 
7 a6, to, find the other Angles by Cate the Fourth © 


o laue plain Triangles, 


As 8 ard of Sides — — 1171 ͤ— 


} 2 7 3 
To Hit. 0 Sick Es —— —— — => 41 Beg . 34 278 
do Tang. ; Sum unknown Angles —— 22.30 — 9.61722 


7 8 
To Tang. * Dinerencexßĩßõñ2 . — 8.33 —9.1769 


Hence the Angle IB D is 12.57, and tae 
Angle A DB. 231.3, O09 find the Side BD Fg. 77. 
ty Caſe the Second of ovligue piain Trian— 


Co. Ar. 
cc 

a % a” - - 

9.2873 — 
7 

1.88045 

, . WT 

I 35 ** r * a, »J »C + O> 


ASS ADB — — ä —— — 21.9 
To Side A B 
0 S. B44 


— —äP —U— 


To Side G oon—_ 


Alfo the Angle 4 DB being 31.3, the Angle B DP 
muſt be 148.37, and although the Sides BE and D E 
te not given, vet their Proportion to each otter is gi- 
ren, dig. As 5 30 2, 10 DE to AE, thereſore, 

. Ar. 
Is Side B E 7 — 0.1540 
To Sine of ele oppoſite B90 — 148.57 —9.71247 
8o 81 de D. 


* no „ et ho Cc — 


— U 1 _ 
| _—k 1 1 438 Pl 
To Angle OD 5 1 95 —U— — — — 12.40 9.34450 


The An-le being 128.87, and DBE 12.26, 
DEB Munk Ch 75 eh be 15. 1 then yOu have 25 
ven the Angles 2 D and BDE, and the Side B 2 


8 


|| 
= 
f 
' 
4 
, 
- 
, 
a 
 T] 
'S , 
[1 
"© 
„„ 8 
. = 
T' 
o 
1 + 
\ 
hk 44 
” 
* If 
Lt 
- 
— 
+ 
34 
* 


Ss 


* 
*. 
S777. 5 T. 
N — VA2 9 


. : - - - . c % 7 4 — 
— * RF... We n r 
nd F - . . E A, 


— 
+ a> 


4 - 
_—— » _— 


| 
i 
= 
4 


2» —— — oo” ö TR” 
* 4 . 4 0 
* — „ - —_— . 
— - - = 0 4 * — Ss * * 
* * 
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to find the Side BV, the Diſtence ſall'd by the 
ſer betore he met with the Fleet. 


As Sine OLD F Bon — it ads 
To Side oppolite B 105.5 . 
So Sine of B DE — — 1.57 0.718 


Jo ſide oppoſite 51x — = 7730 — . 


The whole Angle 4B F 26.43 is the Courſe ft 
the South Eaſtward, or S. S. E. 44. 13m. Eaterly 
Cruiſer muſt ſail to fall in with the Fleet, and his 
ſtance 173 Miles before he comes in with the 
which at 5 Nliles an Hour, would require almoſt 
Hours, in which Time he will fall in with the Fleet, 


1 
Ducfhion tho Fourth. þ 


Plate 8. Fig. 78. 


Two Ships from one Port ſails between the Soy 
and Weſt; the Weſtermoſt Ship's Departure was 4 
Leagues more than the Eaſtermoſt, and the Ealtermo 
Ship's Difference of Latitude was 30 Leagues mo 
than the Weſtermoſt. Their Diſtance was equah 
namely 115 Leagues, I demand both their Courſe 
Differences of Latitude and Departure, according tg 
plain Sailing. 


Geemotrical Confirut ion. 


Draw the North and South Line G C, and perpend! 
cular thereto the Line D, to cut GC at Right Angl 
in E (both drawn of Length at Pleaſure) from the Ing 
terſection at E, upon the Line D ſet the Difference 
of the Departure 47 from to D (towards the le 


hand, becauſe the Ship's ſail in the South-we't Quars 
ter) and the Difference of their Latitudes made goody 
Dig. 30 from F to C, fo ſhall D repreſent the Weſters 
moſt Ship, and C the place of the Southermoſt. Tak 
the Diſtance 115 Leagues in your Compaſles, aud ets 


1808 
TEE 


Plate. 7. 


« PL). OO. 


W 


, Te. 35 Q. 


* "hs 7 P * 
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.- cone Foot in D make the Arch at A, and with the 
ome txtent, and one Foot in C crofs the fame Arch in 
4, then is A the place the Ship ſail'd from. Draw 
che: ine AB parallel to GC to cut DH in H, and 
form C draw CB parallel to DH: Alio draw the per- 
rendicular 411 divide the Ifoſceles Triangle 4 D 
C into two right angled Triangles 4 LC and ALD, 
zud then is the Diagram finiſhed, 


Arithmotica! Calcuſtet ion. 


the Triangle DEC is given 

I1 

T he Difference of Departure 7 — 7 
The Difference of the Latittudes EC 50. 
Caſe 7. 


And firſt for the Angles bi Caſe 6. 


As DE — — 5 —1 . 7209 

To Radius — — — — wy. 106600000 

80 E C — 30 147712 
2 


Fo the Hypotenuſe DC by Caſe 7. 


As Sine of the Angle E DC T 324. 33m —0.7308r 
To Side +; Co — 


—EC— — —— — — — 120— 1.47712 


53 8— 1.74531 


To the Hypotenuſe BC ——— 


The Iſoſceles Triznole DAC being divided into 
tuo right Angled Triangles by the Perpendicular 
AI, there is given in the right Angled Trianvle 4 L 
„the Side LC (half oft DC) 27.9, ard the Hin pote- 
uſe . C 115, to find the Angle 40 Ly Cale 2. 


fy 


332 


„ 
To Radius 
So LC — —- 


7 4 » ad Sos - ö p / fv fo 
40 14754 ti of 'j ts ee, 


—— —— — . —— 1 15—ů— — 


„% TT _ __— — — — 100 


To the Sine oi the Angle LAC — 144. 3m — (,-0 


A 


[ 


— 


The Angle E 1 LOT; 372 Subtracted irom 00, len 
* — 
the Angle J. C4 75˙57. 

Ihe Angle GDE is 32d. 33m which Subtracted from 


* +1 "= 
OD, [Faves R 


* 
'4 


Naa t 
Angle (= E 557A. zn. 


From the whole Angle DGA (LCA) 734. zn. 
track the Angle = # E — — — - 37 27 
— ———— 


The Angle FCX, is equal to the Angle CB, ts. 
caule AB and E Care Parallel Furl. Lit. 1. Prep. 29: 
Therefore in the Triangle 4BC is given AC 115, and 
BC the Departure of the Southermoit Ship, by the 
firſt Caſe ol Plain Sailing. 


As Radius — 
Jo the Diſtance —— —— . — IT; 2.9/0, 
So Sine Comp. Courſe 


To Diff. Latitude — —— — 109 — 2027754 


For the Departure B C. 


As Radius 
To the Diſtance — — — I]; 2.00009 
So Sine of the Courſe — — 18d. 30m. 0.50147 


© — .” 
/ 7 


1 — A 
„ __—_— 3 0 2 1 9 WAH aw 9 


To the Departure BC 


The firſt Ship's Courſe is South 184]. „mn. Wel 
'To vrbich add the whole Angle DAG 28 6 


— — — 


The 


—ͤZu— — — — — 10.090090 | 


Second 


00000 
00009 
50147 


— —y— 


3 7 
50216 


Welt 


The 
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The Sum is the ſecond Ship's Courſe D A H, which 


z South 46 36 Welt. 


The firſt Ship's Diff. Lat. is 4B tog. 

From which ſubtract the Exceſs H - 
equal to E 30. 

Reſt the ſecond Ship's Diff. Lat. 4179. 

The firſt Ship's Departure is CB equal 
to E — — 0, 

To which add DV the Fxceſs — 47 


Sum is the ſecond Ship's Depar. BH 83 . 


Courſe South 181. 30m. Weſt. 
Difference of Latitude———109. 
Departure — —— 83. 


Firſt Ship's 


Courſe South 40d. 36m. Weſt. 
Difference of Latitude 
C Departure —, 


Dueftion the Fifth. 


cond Ship's 


The Diſtance and Difference of Latitude in one Sum 
riven, and the Departure alſo given to find the Courſe, 
ind alſo the Difference of Latitude and Diſtance Seve- 
nlly. 
| Example. 


Let the Diſtance and Difference of Laticude toge 
ther be 140, and the Departure 79, to form the Tran 
de and find as above. 


Geometrical Conſtructian. 


Draw the Right Line AC 140 equal st %. . 
the Sum of the Diſtance and Difference ol os Se 
Latitude, and at the end thereof c draw « +79 
6, Perpendicular to Ag. upon which Set off the De 

A 2 


* > $<A4 74 cha 


: * - - o 
* — * . 


— FI... 
_ 


- 
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TS - — 2 9 
— I - . — 2 
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parture 79 from ©c to d, and draw Ad, Which divide 
in two equal parts in g, and from g, Erect the 
Perpendicular g to cut Ac ſome where in 6, and 
from 5, draw b4, and then is the Diagram finiſhed, 
and bc is the Difference of Latitude; 6 4 the Diſtance, 
and c 4 the Departure. 


Demonftr tion. 


For the Triangle, 4g and 4gb are alike and 


equal (Enr. Lib. 1. Prob. 24.) becauſe Ag is equal to g 
4 ty Conſtruction, and gb is Common to both Trian. 
gles, hence d is equal to A b, and the angle g Ab Equal 
to that g 4b, but the Angle dc is equal to both g 
Abandg db (Fur. Lib 1.Prop. 32.) therefore d Ac g 
Ab is juſt half the Angle of the Courſe from the Meri. 
dian) and from hence we may form this Univerſal pro. 
portion for the Solution of Queſtions of this Da. 
ta. | 
As Diſtance and Difference of Latitude in one Sum: 
To Radius:: So Departure: To the Tangent of half 
the Courſe, which Angle Doubled is the Courſe re. 
quired, and the reft is found by Caſe the third of plain 
Sailing. | 
Example. 


As Diſtance and Diff. Lat. together —1 40-mm—_,1 4612 


To Radius — — — 10.00000 
So Departure — — —70— . 89762 


29 269.75 f0 
58 52 the Courſe re- 


To Tangent f. 
which doubled is 


quired. 
Then, 

As ſine of the Courſe 58 52290 03245 
To Departure | — 0 a—_ 97 02 
So Radius — — —— 1 .ooooo 
—— 
To the Diſtanc e 02. 3 — 96517 
Aud, 


i 


divide 
T the 
0 and 
iſhed, 
tance, 


2 and 
I to g 
[ rian- 
equal 
oth g 


10 g 
Meri- 


1] pro- 
1 


Sum: 
f half 
le re- 
plain 


14612 
20000 
89702 


— — 


75150 
re re- 
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And, 
As Radius — — — o ooo oo 
To the Diſtance 92.3 1.06517 
Sg Sine Comp. Courſe 31.8 9.71351 
To Diff. Latitude - — 47.7 1.67808 


The truth hereof may be further proved by adding 


the Difference of Latitude 47. 7 
To the Diſtance 92. 3 
The Sum is 140: © 


agreeing with what was firſt given, and proving the 
whole to be right. 


Dueſftion the 81xth. 

Diſtance and Difterence of Latitude in one Sum given, 

with the Courſe alſo given to conſtruct the Diagram, 
and find each ſeverally. 

We refer in this to the Figure of the laſt 


Queſtion, it being the ſame when finiſhed. hoe e 8, 
Let be given as before, vig. Diſtance and 3 
Difference of Latitude in one Sum 140, and the 


Courſe South 584. 52m. Welt to find the reſt. 


Geometrical Conflrut&icn. 

Draw Ac 140, and at c erect the perpendicular cd at 
Pleaſure, and at an Angle of 294. 26m. (viz. half the 
given Angle, 584. 52m.) with Ac draw Ad to cut dc in 
d, and to make at A the abovementioned Angle of 29d. 
20m. divide Ad in two equal Parts in g, and draw e 
perpendicular to Ad, and to cut Ac in b (raw bd, and 
then is the Scheme finiſhed, and the Demonſtration the 
lame as in 2veftion the Fifth. 


Arithmetical Calculgtion. 

The Angle cd is 584. 52m; therefore c 4b is 31d. 
In. to which add þdg (equal to þ Ag) 20d. 26m. the 
Sum God. 34m. is the whole Angle 4 de, therefore, 

A2 2 A< 
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Co. Ar. 
As ſine of 244 — 0. 3 an. — 0 009 
To ſide oppoſite —— 140 2.14612 
So ſine of 4 @ © ———— 29 20—— 9.0974 


—  — 


To Departure 4 — m7) ——1.$97:$ 


The Diftance and Difference of Latitude is found ax 
in Queſt ion the Fifth, and nced not be here repeated. 


Queftion the Seventh. 


Given all the three ſides, /g. Diſtance, Difference 
of Latitude and Departure in one Sum, the Courſe 
alſo given to form the Schente, and find each ſeverally. 

| Suppoſe the three ſides in one Sum be 157, and the 
Courſe South 324. Welt. 


Geomctrical Conſtruction. 


Plats 8 Draw the Line abc d 157, and from g 
Fi. 80. draw @e, to make with 24 an Angle of 16 

5.” Degrees (equal ro half the given Courſe) 
alſo from d draw de to make with 2d an Angle of 45 
(always) at 4, and continue de till it cut ae in e. From 
e let tall the perpendicular ec upon the Line a4, divide 
a e into two equal Parts in g, and from g draw gb per- 
pendicalar to ge, and to cut ad any where, as in 6, 
and draw e, and the Diagram is fintthed. 


Demonfiration. 


The Triangles 2g and eg are fimilar ( Fac]. Lib. 

t. Prep. 24.) becaule eg is equal to g @ by Conitruction, 
ed & 6 is common to both Triangles, and the Angles 
g and ag are right; therefore gab i equal to 
get, but both theſe Angles together, is equal to the 
Angle g (Euclid. Lib. 1. Prop. 32.) and ſince the Angle 
4, g,] is half the given Courſe by Conſtruction; 
is the true Courſe, and conſequently - 4 ea 
a 


Sum 


rom 2 
of 16 
ourſe) 
of 45 
From 
vide 


ö Per- 
in 6, 


Lib, 
tion, 
igles 
to 
the 
ngle 
ion; 
1 to 
ba 
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zo the true diſtance, and becauſe c 4 is the Remainder 
of the whole Line that includes all the three; the 
Departure muſt be equal to it, and therefore the Line 
Je is drawn at an Angle of 45 with da (dc) becauſe 
2c is to be equal to c 4, and then is2þ proved equal 
to be, and bc is the difference of Latitude in the Que- 
ſtion: Alſo ec is equal to cd, becaule their oppoſite 
Angles are equal: Therefore the three Sides of the 
Triangles Y ce is equal to the whole Line @ d, and the 
Angle ebc is equal to the given Courſe 32 Degrees, 
which was to be demonſtrated. 


Arithmetical Calculation. 


We may obſerve, that the Angle ge equal to gab 
is half the Courſe, and be c is the Complement ot the 
Courſe, and ced is an Angle of 45 Degrees, and theſe 
three include the whole Angle acd in the Triangle 
ed, from whence we may deduce this general Pro- 
portion, for all Queſtions of this Data. 

Add half the Courſe, the Complement of the Courſe, 


and 45 Degrees together, and ſay, 
As the Sine of thuſt chico Suu, ro the Sum of the 


three Sides; ſo the Sine of halt the Courſe, to a 
fourth Term. And as Radius, to that fourth Term, 
ſo Sine of 45 to the Departure. 

The Courſe being given, and Departure thus ſound, 
the reſt may be obtain'd by the common Caſes of plain 
Sailing. 


Example in the preſent Quel ion. 


d. m. 

Half the Courſe ge equal to g a b— 16 0. 

Complement of the Courſe b ec 58 &. 

Angle c ed equal to ed ——— 45 0. 

Sum is the whole Angle 20 4 119: 0. 
A 2 3 $28, 
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Then, 

Co. Ar. 

As ſine of ae — I CETIAEECER 119d. om. . 088 
To ſide oppoſite 4 4. — 157 2.19550 
So ſine of the Angle 2 6,0 — 9.44033 
— — 

To ſide oppoſite dc . — 94.5 — 1.60441 

Then in the Triangle ecd. 

As Radius = 10.00009 
To ed — — 40.5 —— 1.60441 
So ſine of e de 4 45.0 084048 
To Departure c. 35 — — 1.54389 


In the Triangle ec is given the Courſe e hc 32d. 
om. and the Departure ec 35, to find the Diſtance 
Be. 


As fine of the Cour 


— 924. om. 0.72421 
To Departure — — 35 — — 1.54389 
So Radius. | 10.00000 
To the Diſtance Be Ge 1.81908 
For Difference of Latitude. 
As Radius — — — o. oooοοο 
To the Diſtanceꝛ 66 181068 
So ſine Comp. Courſe 5874 on 9.9284: 
To Diff. Latitude —56 — 1.74810 
Diſtance 8 
Diff. Lat. 86 
Departure 5 


Sum — — — 157 AS Was firft given. 
From 


line t. 
End 
wheth 


en. 
From 
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From what hath been fail, we may dednce a general 
Rule for ſolving all Quett.ons, whether in Right-ana led, 
or oblique Triangles, here the three ſides in one Sum s 
given, and the Anzles allo are given, viz. 

Draw a Line of length equal to the chree ſides in one 
dum, and from one End thereof, draw a Line to make 
vich the former, an Angle equal to half f any of the 
giren Angles ; alſo from the other End, draw a Lins to 
make with the firſt an Angle equal to half another of 
the given Angles: Continue theſe Lines till they in- 
terſect each other, then from the middle of each, draw 
a perpendicular to cut the firſt Line, then 1.in-s drawn 
from the InterſeQion of the Perpendiculars to the firit 
line to the Interſection of the two Lines, drawn trom the 
End of the firſt, ſhall form the Triangle requ:red, 
vhether Right-angled or Oblique. | 


Example. 
Qucflion the Lig btb. 


There is an oblique Triangle, whoſe three ſides in 
one Sum is 120, and the three Angles are 40, Go, and 
$, the ſides are required ſeperately. 


Geometrical Conſtruction. 


Draw the Line @ 4 120, the Sum of the £7 19 
ſides, and from @ draw 4%, to make with F: fe K. 
ed an Angle of 30 Degrees, vis. half the . 1. 
Angle Go, and from 4 draw 4 f, to make with 4 2 an 
Angle of 40 Degrees, wig. halt the Angle 80 continue 
4½ till it cut af in /; divide Fe and / equally in e 
and g, and draw the Perpendiculars ec, and g to cut 
din and c, from 5 draw bf, and from c draw cf, 
then is þ c the Triangle required. 


| Demonſt ration. 
For fc b is double to F Ade, becauſe equal to c fe 


and c de together, (Euclid. Lib. 1. Prop. 32) and e 
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is equal to cde, becauſe their oppoſite ſides are _ 
but is 40 Degrees by Conſtruction, therefore fl 
is 80 Degrees. By the fame Rule bc is Go Degregi 
becauſe fab is 30 by Conſtruction; therefore þ fe þ 
40 (Fuclid. Lib. 1. Prop. 32.) and becauſe @b is ah 
to bf, and cd equal to cf; therefore bc, cf, and 7 
| taken together, will be equal the Line à d; and bf i 
| the Triangle required. 


_ At. Or gr * 


ö Aritbmetical Calculation. 


Hence as the ſine of one Angle, added to half the 
other two, to the Sum of the three ſides ; ſo half one 
| ef the other Angles to a fourth Term: Then as the 
B Supplement of the other Angle to 180, to that fourth 
Term, ſo ſine of half the ſaid Angle, to the ſide next 


to it. 
Exampie. 


The Angle af þ is half The, becauſe Fab is hal 
fb c by Conſtruction; and 27% is equal to f 26, be. 
cauſe their oppoſite ſides are equal, and for the ſame 
Reaſon /d is half Fc#; but af b with bF'c and cf 
make the whole Angle 2% 4; then as fine of af4 to 
fide 2% (the three ſides in one Sum) ſo fine of fad zo, 
(becauſe half of 7 þ c by Conſtruction) to the fide f4; 
—— then as ſine of /c 4 (the Supplement of Fc to 180) 

wn to f4, ſo ſine of Fd e 40 Deg. to the ſide Fc, which be. "I 

159 | ing found, the reſt are alio eaſily found. 


Operaticx. 
Co. Ar. 
Ag fine of 274 ĩ —— 104. om.— . 02701 
To ſide 4 d — ] 20 — 2.07018 
So fine of 4a d=—— 30.0 9.69897 
To ſide Fd 63.81.8051 


As 


d 
£49307 
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Co. Ar. 
As ſine of Vc d 1001. on. 0. oo664 
To ſide 7d — 63.8—.— 1.805 6 


So fine of fd 4 — —— 40.0.2290. 80806 


K 


cr 


To fide 7.221.) —1. 61986 


Co. Ar. 
As fine of 7c. on. — 0.062 47 
To fide q 41.7 1.61986 
So ſine of Fc b — — \ ), O_—_— 0335 


To fide f 


47.41.67 5,68 


Co. Ar. 
As fine of f þ c === 0d. ONM.m—0.00247 
To fide q 41 7 — 1.61986 
So fine Fe — — 49.0 —— 0.80806 


To ſide bc — — 0, 
The ſide fb 


The fide fc — — 41.7 
The ſide 6c — — 30. 
Sum 120.0 


The Sum 120, agreeing with what was given, ſerves 
45 a Proof of the whole Work. 


CHAP. 
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New and exact Method 


For finding the Longitude in any Place 
of the World, any Day at Noon, 
when the Sun can be * without 


any Regard to, or Dependance upon 
the Dead Reckoning. 


complith'd Work of finding the Lon- 
gitude by an Obſervation is a Difficul- 
ty, which hath hitherto prov'd Inſu- 
perable, even to the beſt Mathemati. 
cians in England, and elſewhere, al- 
though ſince the late Act of Parlia- 
ment, many haye exerted their utmoſt Induſtry for 
the attaining of that End, ſome of whom have been 
ſo far from compleating their intended Deſign, that 
they have, on the other Hand, rather rendred them- 
ſelves and their Works ridiculous, by Publiſhing 


r HE often attempted, but never ac- 
Ti 


} 


ſuch Improper and Improbable Methods, as a certain 
Arti! 
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Artiſt (if he deſerves that Name) by certain fixed Stars 

choſen for each Time of the Year, G5 
Whereas it is evident, that any fixed Star ſhall come 
upon. the Meridian of any Place, at (near) the ſame 
Hour of the Day, that the ſame Star ſhall come upon 
the Meridian of London, although not at the ſame 
Inſtant of Time, but ſooner or later, 3, 4, f, or 6 
Hours, Fc. according as the Place is more or leſs di- 
tant Eaſt or Weſt from the Meridian of London: 
but if there be that Difference in Hours as to the time 
of a Star's coming upon theſe two difterent Meridians, 
there is alſo the ſame Difference in Hours between the 
time of the Day or Night at Lon on, and that under 
that Meridian; a South Sun in both Places making 12 
a Clock; and 'tis very evident that at the fame time 
of the Day or Night, that the Star comes upon the 
Meridian of London, it ſhall be the ſame time of the 
Day or Night under any other Meridian, when the 
Star comes upon that Meridian, excepting ſo much as 
the Sun's right Aſcenſion is increaſed in the Time of 
the Sun's paſſing from one Meridian to the other, 
which will cauſe the Star to come ſo much ſooner 
upon a Weſterly Meridian than upon an Eaſterly: 
But this being ſo little, being but about 4 Minutes of 
time in 24 Hours, or 360 Degrees of Longitude, and 
but 1 Minute of time in go Degrees, it is imperceptible ; 
and yet (that ſmall! Allowance excepted) there is no 
difference between the Hour of any fixed Star's coming 
to. the Meridian of London, and the Hour of the ſame 
Star's coming upon any other Meridian, becauſe the 
Sun's Motion makes the Hours of the Day, and the 
Star muſt needs come upon the Meridian the ſame 
Quantity of time after the Sun in both places. Indeed, 
if we could certainly know what time of the day or night 
it is at London, when the Sun or any known Star is upon 
the Meridian of any other diſtant Place, the Longi- 
tude might be eaſily and exactly found; in order to 
which let the Maſter provide a good Glaſs, which 
may run exactly 24 Hours, or rather a good Watch, 
that hath been obſerv'd aſhore, to keep a true and 
equal Motion, this Watch ſet to the time of the — 
When 
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when you depart from any known Meridian, and kept 
going, will ſhew the Difference of Longitude, that 
you make whether Eaſt or Weſt; for Example, i 
you ſail Weſtwards, obſerve juſt when the Sun is up. 
on the Meridian, and ſee what Hour and Minute it 
is by your Watch, (which if you fail Weſtward it wil 
be paſt 12) for thoſe Hours and Minutes which the 
Watch is paſt 12, when the Sun is upon the Meridian 
reduced to degrees and Minutes of the Equator, alloy. 
ing 15 Degrees to one Hour, and one Degree to every 
4 Minutes of time, and 15 Minutes of Longitude t 
one Minute of time, ſhall ſhew the true Difference f 
Longitude. 


Note, If you Sail Eaſtward, your Watch will want 
ſomething of 12 a Clock, when the Sun is upon the 
Meridian, becauſe then you meet the Sun, and have 
him upon your Meridian before he comes upon the 
Meridian of London; in this Caſe obſerve how much 
your Watch wants of 12 a Clock, and that reduc'd 2; 
before, gives your Difference of Longitude Eafterly: 
This in general is the Method that I ſhall recommend 
to the World for this End. 


But I know it will be preſently objected, that this 
is no new Thing, nor is it Practicable at Sea; for ſome 
that have attempted to keep ſome Account of their 
Longitude this Way, have found themſelves in an 
Error, not finding the Difference between the Watch 
and the Sun, when reduc'd as above, to give the 
Difterence of Longitude, which they were (tor ſome 
Reaſons) pretty confident they had made, and this 
Error they impute to the Watch, and hence have in- 
ferred, That a Watch will not go ſo truly and regu- 
larly at Sea as on Shore, by reaſon of the Salt Moilt 
Air that impedes its Motion or makes it uncertain, 
according to the Variableneſs of the Weather, and 
thereby renders this Method for finding the Longitude 
Impracticable. 

{ anſwer, I do not believe at all that this Error 
A te de imputed tc the Watch if carefully kept, Which 

you 
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you may eaſily do, it you provide a little Square or 
round Box about 4 or 5 Inthes Broad, and have it 
£11/d with fine Cotten, taking part of the Cotten out 
and putting the Watch towards the Middle of the 
Box upon the Cotten you leave in the Box, and put 
the reſt that you took out upon the Watch, and ſhut 
the Box, keeping it in ſome dry Place, as in your 
Cabbin, or upon ſome Shelf near your Bed: I Queſtion 
not but a good Watch ſo kept would go as true at 
Sea as a- ſhore. 

But I ſuppoſe the Error which hath been obſery'd, 
and which hath cauſed any to deſiſt from making 
any Attempts to find the Longitude this Way, is for 
want of a Right underſtanding of the Equation of 
time, Without which it is impoſſivle to keep a good 
Watch right, or to ſuppoſe it to be ſo either at Sea 
or aſhore; for a good Watch, (or Clock) divides the 
time equally, but the Sun by Reaſon of ſome Inequa- 
lities in his Motion divides the time unequally ; fo 
that if the Sun and a true Watch be ſet together at 
ſome times in the Year, yet the Watch will at other 
times differ 10, 12, yea ſometimes 16 Minutes from 
the time given by the Sun, and yet no Fault in the 
Watch, and therefore it is very evident that if for 
finding the Longitude you only obſerve the time of 
the Day given by the Watch, without regarding this 
Equation, eſpecially when the Equatioa 1s great, as 15 
or 16 Minutes, you will be ſo much wrong in your 
Account of Longitude, as that 15 or 16 Minutes re- 
duc'd to the Equator amounts to, viz. about 4 Degrees 
of Longitude, which is an intolerable Error, and 
might be prevented by allowing tor the Equation of 
time, 

For further Illuſtration hereof, ſuppoſe you ſet your 
Watch with the Sun the ſixth Day of 7«ze, then the E- 
quation is nothing, being in London at the fame time, 
and continuing there till the 23d Day of Ocho. you will 
find your Watch to be got 16 Min. behind the Sun, 
from hence (if you do not know to the contrary) you 
might by the Foregoing Rule conclude that "ou — 

Alter 
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altered your Lon. 4 D. Eaſterly, but it to the time given TR 
by the Watch, you add the Equation 16 Min. the Sum 

is the true time of the Day by the Sun, and Proving | 
you to be in the ſame Meridian that you were under, 
when you ſet your Watch to the Sun, the difference 
in time and conſequently the difterence of Longitude 


being nothing at all. 
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| A Table of the Equation of Time. 
i — — — —— 
July | Aug. | Sept. Udob. | Nov. | Di. 
M. S. M. S. M. S. M. S. M. S. M. 5 
14 4514+ 25] 3 8303 18 15 216 33 
24 53ʃ4 18 4 14/13 32 15 13[$ 6 
35 54 84 34|13 46 15 314 3s 
45 713 357] 4 55/13 5914 33485 
5 5 1313 47] 5 15 14 11 [14 4138 
5 1803 37] 5 36/4 2314 293 510 
25 2413 332] $ 5% 34 14 171254 
85725 88% 17/14 4414.2 5/2810 
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155 46/1 26] 8 38015 40%½2 51 19 
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5 oO 55III IO lis o 8 8/5 9 
5 18141 28 16 59 435 36 
5 19234111 45 [15 $57] 8 176 4 
[5 141853] 215 54 7 516 30 
5 12412 18015 51] 7 256 07 
3 2 32/12 3315 47] 6 59% 24 
4 2 52112 49|i5 qi] 6 39/%/ 48 
4 13113 4/5 35] 6 38 12 
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This Equation of time is cauſed by an Inequality 
of the Sun's Motion from Weſt to Eaſt, according to 
the Succeſſion of Signs; for the Swifter that the Sun 
is in his Annual Motion from Welt to Eaſt, the Slower 
he muſt be in his Diurnal Motion from Eaſt to Weſt, 
as is plain by the Figure in the Margin. 


Suppoſe the Wheel ABCDEF to move Plat 
round upon the Center G once in 23 Hours 25 4 = 
according to the Order of the Letters 4 8.78. 
BC, &c. and in the ſame Quantity of time iz. 23 
Hours, a Snail Creeps the contrary way, from A to F, 
now althouzh the Point A 1s come to the Place where 
it was, having gone once about, yet the Snail wants 
the Space FA of a whole Revolution, and will not 
be got to the Top where A is, till A be got ſo far as 
the Foint q, which will be about another Hour, and 
if the Snail had moved yet faſter, ſo that in 23 Hours 
ſhe had got trom 4 to /, ſhe would have been yer 
ſo much longer in arriving at the Top: viz. About 25 
Hours; from hence it 1s plain, that the Fatter the 
Snail Creeps from A towards J, E, &c. the longe 
ſhe is in coming to the Top oi the Wheel moving 
the Contrary Way, and conſequently the Faſter the 
Sun moves from Weſt to Eaſt in his Annual Motion 
according to the Succeſſion of Signs, the longer he 
is in making one Diurnal Revolution; and although 
the Sun's Revolution lrom the Meridian to the ſme 
Meridian again always Determines the 24 Hours, yet 
it is plain trom hence that every 24 Hours by the Sun 
is not exactly the ſame equal Space of time, which 
in Proceſs of time mak<s a ſmall Difference between 
the Sun and a good Watch, and is the occation. of the 
aforeſaid Equation of tiiac. 


This Inequaliry of the Sun's Motion proceeds from a 
Twofold Cauſe. 


The firſt Cauſe is, the Obliquity of the Ecliptick, 
making an Angle with the Equator of 234 ].— 30m. or 
thereabouts; now the Ecliptick being properly an Ob- 
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lique Circle, the Poles of the Equator, and not of the 
Ecliptick, being the Poles of the World, and the 
Center of all Diurnal Motion, the Right Aſcenſion of 
the Sun muſt be accounted upon the Equator ; ard 
hence it is manifeſt, that although the Motion of th» 
Sun in the Ecliptick were always equal, yet his Moti. 
on from Weſt to Faſt, or his right Aſcenſion accounted 
upon the Equator, could not be fo much, or Increaſe 
ſo faſt in Aries or Litra, where the Ecliptick make; 
an Angle of 231. zom with the Equatot, as in Carte 


and Capricorn, where the Sun's way in the Ecliptick is 


Parallel to the Equator. 


Plat For Illuſtration of what hath been ſaid ſup. 
Wis *9* poſe the Line ABCD to repreſent half the E. 

8 19+ quator, and the Arch A FED, to repreſen: 
half of the Ecliptick, now although the Segments 4 
and FE and ED are equal, yet Perpendiculars let fall 
rom the Points Fand FE upon the Line ABCD, at the 
Points B and C do not divide that Line into three equal 
Parts, from whence it is plain that the Sun's right 
Aſcenſion DC is not ſo much increaſed by his Running 
from D to Eat ſo great an Obliquity to the Equator, 
as the Sun's Right Aſcenſion CB 1s in his Runnins 
from E to F, where his Motion is almoſt Parallel to 
the Equator; and then if his Motion from Weſt to 
Eaſt be ſwifteſt in the Tropicks, for Reaſons now gi. 
ven, his Diurnal Motion muſt be flower by the firſt 
Demonſtration. 

But a 2d Cauſe of this Inequality is occaſioned by 
the Eccentricity of the Sun's Orb, (whether we allow 
the Sun or Earth the Motion it matters not, but in 
this Caſe we ſhall Impute the Motion to the Sun) which 
moves in his Orb ſometimes nearer, ſometimes farther 
off from the Earth, by which Means although the 
Sun's Motion in his Orb were always equal, yet it 
would appear to us to be ſometimes ſwifter than at 
other times from Weſt to Eaſt, and conſequently flower 
in his Diurnal Motion, as you ſee Demonſtrated in the 
jollowing Figure. : 
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Plat? 9. Figure $0. 


In this Diagram ſuppoſe the Earth at the Center, 
about which is deſcrib'd the Circle ABC D, which 
is equally divided into 12 Parts, at the Points A. 1. 
2. B. 3. 4. Sc. repreſenting the 12 Sigus which in 
themſelves are equally divided. Now it the Sun did 
move in the Circle 45 CD, which is equally diſtant 
from the Earth its Center at E, his Motion would be 
regular and certain, but the Earth being not the exact 
Center of the Sun's Orb, makes the Diviſion of the 
Signs, although equal in themſelves, to appcar une- 
qual to us: for the IIluſtration of which, {uppoſe the 
Sun to move in the uppermoſt Circle, marked Y 3 
U, &c. whoſe Center is at the Mark O, and ſuppoſe 
the Earth at the Center of the other Circle near the 
Mark E; now although with reſpect to the Center 
E, the Diviſions or Lines drawn from thence are 
equally Diſtant, yet theſe Lines continued to the 
uppermoſt Circle in which the Sun is ſuppos'd to 
move, the Diviſions upon that Circle are very unc- 
qual, and therefore although the Sun's proper ſimple 
Motion ſhould be always equal, yet it is very plain 
that the Sun in Capricorn when neareſt the Earth, ſhall 
appear to us to run more ſwift, than when in Cancer, 
in his Aphelion or greateſt Diſtance from the Earth, by 
Reaſon of the ſmaller Diviſion of the Signs, not that 
they are really ſo, but appear ſo to us, becauſe of the 
Nearneſs of the Sua's Orb to the Earth, as you fee the 
Points Y and 4 are Diametrically oppoſite to each 
other, ſuppoſing the Eye at the Center #, where the 
Earth is ſuppos d to be, and the far greater Part of 
the Circle is above the Line Y = which yet contains 
but ſix Signs, and the far leſſer part is below that Line 
which contains alſo fix Signs, and yet the Signs equal- 
ly divided upon that Circle, Wwhercof the Earth is ſup- 
pos'd to be the Center. | | 

Note, I am not here undertaking to determine whe- 
ther the Sun or Earth be the Center of the World, or 
+hether the Orbs of the Planets be Circular or Ellip- 
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tical; for which way ſoever it be, thi: Demonſtration 
ſerves to Ilinftrate what I am now upon, as to the 
F.quation of Time; and to let the Reader ſee the Rez. 
ſons thereof, which is all that is expected from this 
Diagram. | 


Now the Occaſion of this Equation being Twofold 
as is proved, it is plain, that when both the Inequali. 
ties tend one Way, it alters the Equation faſter, as z. 
bout the middle of December, when the Sun is neareſt 
the Earth, he appears to move faſter from 1 to Eaf 
by the laſt Lemonſtration; and alſo Running then al. 
moſt paralle] to the Equator, his Motion, according 
to the ſucceſſion of Signs, muſt be ſwift, by the ſecond 
Demonſtration; and therefore his Diurnal Motion or 
Revolution fro Noon to Noon, muſt require more 
Time, by the firſt Demonſtration, and conſequently the 
Watches muſt now go faſter than the Sun ; but in June, 
though that Part of the Ecliptick in which he is then, 
lies nearly parallel to the Equator, as in December, 
thereby Accelerating his Eafferly Motion, to our Ap. 
pearance; yet his Diſtance from the Earth being then 
in Aphelicn, helps to Retard it, ſo that the Motion of 
the Fquation, 1s not then ſo evident. 

From this Inequality, as grounded upon theſe Two 
Occaſions, are the foregoing Tables of Equation of 
Time calculated, which will ſerve for many Years, 
without any ſenſible Alteration, Their Uſe is fo plain, 
that every Body may underſtand it; for find the Month 
at the Top of the Leaf, and the Day at the Left Hand, 
and in the common Angle of Meeting, you have the 
Equation in Minutes and Seconds, whether it be too 


| Faſt or too Slow, as the Title [Watch Too Faſt] or 


{Watch Too Slow | Directs. 


And now for the Application hereof to the finding 
the Longitude; When you ſet Sail obſerye in your 
Table of Equation of Time, how much the Watch 
is too Faft or too Slow, and ſet your Watch. to it, 
and not exactly to the Time ot the Day, unleſs it be 
when the Equetion is nothing. As for Example, _ 
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ſe I am bound upon a Voyage any Day, when the 
Equation found in the Table is Szyen Minutes, ata 
the Title [Watch too Siow| I conclade from th: oy, 
T hat a good Watch ſhould be SEVEN Nnutes too Aok, 
or behind the Time given by 1 frune Sun- Dial, there 
fore I put my Watch ſeven Minutes h hind the Time 
given by the Sun. As ſuppole 1 ſet my Watch at 12 
a Clock, I put it to 53 Minutes paſt 14, or it I fet it 
at 4, I put it te 53 Minutes paſt 3, Cc. and lavir- 
it carefully by, as before directed, it is fit for the Voy - 
age. 5 

Suppoſe 1 have Sail'd ſeveral Days to the Fr 
of the Meridian departed from, but whether Terre 
wards or Southwards it matters not, finding the Sun 
juſt upon the Meridian, I look at my Watch, and find 
it 16 Minutes paſt 3 a Clock, and looking in the Equa— 
tion Table, I find /Vatch too Fa, 12 Minutes, thereiore 
I ſubtrat 12 Minutes from the Time given by the 
Watch 3 Hours, 16 Minutes, the Remainder 3 Hours 
4 Minutes, reduced as before directed, gives 45 Deg. 
o Min. The true Difference of Longitude ; bu: it it 
had been too flow 12 min. you mult have added 12 min. 
to 3h. 10m. &C. 


Note, If you ſet your Watch exactly with the Sun 
when the Equation is nothing, it will always aftc: 
that hold the ſame Equation found in the Table, he- 
ther too faſt or too flow, and the ſame Quantity, (it 
your Watch go right) and that is the Reaſon, that it 
you ſet your Watch when there is Equation, you 
muſt give it the Equation anſwering to that Day, 
(whether ſwift or flow) and then it will alſo hold the 
fame Equation. 

If any Body will object, that if a Watch proves 
wrong and erroneous, it may cauſe a great Error to 
be contracted in this Way of finding the Longitude, 
according to the Slowneſs or Swiſtneſs of the 
Watch. | 

I anſwer, That I agree to; but nevertheleſs when 
Watches, as well as other Inſtruments, are made by 2 
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good Workman, and ſold to a Gentleman for good 
and ſubſtantial, it ſis commonly expected that they 
ſhou!d anſwer the End for which they are mace 
and bought; and if we will ſuffer this Objection 
to prevail yet farther, I anſwer, That with reſpeq 
to the Latitude, it may as well be urged, that if our 
Quadrants, Foreſtaves, or other Inſtruments for that 
Purpoſe were made wrong, we ſhould be much de. 
ceived in our Obſervations for the Latitude, ang 
yet how few upon ſuch Snppolitions will Fooliſhly 
deſiſt from the Uſe of thoſe Inſtruments for attain. 
ing the Latitude; nay, ſo far are they from that, 
that when they find an apparent Fault in 2 Qua- 
drant, they will obſerve carefully what the Fault is 
whether Northerly or Southerly, and how much, there. 
by to regulate their future Obſervations; and when 
all is done, you fhall rarely find where there are man 
uadrants, or many Obſervers aboard of one and the 
Tame Ship, and Obſerving at one and the ſame Time, 
that all their Obſervations ſhall be exactly the 
ſame, but differ ſometimes 6, 8, 10, or 20 Minutes, 
or ſometimes more; and yet theſe Differences are 
thought tolerable, and the Mariners continue to uſe 
theſe means, and in a great meaſure to truſt to them 
notwithſtanding; for we muſt not expect to attain 
to Infalibility in any Reſpect, whilſt we are Traver- 
fing this Teraqueous Globe Not that I would 
adviſe any Body to be too credulons, or to take 
either Watches, or other Inſtruments, and truſt to 
them as the beſt, meerly upon the Report of another, 
unleſs you know you have great Reaſon to depend 
upon the Credit of them that ſo recommend them : 
But if you think to make uſe of this Method for find- 
ing the Longitude at Sea, take a Watch along with 
you, that you have had ſome Experience ot aſhore, 
and if you have found that your, Watch has gonc well 
»ſhore, and yet fear, that for the Reaſons before men- 
rioned, ſhe may not go ſo well at Sea, take her along 
with you upon ſome ſhort Coaſt Voyage, where you 
can every now and then o9i:rye whether the keeps 
ber due Motion af Sea 53 * #5 afhore, and if y=- 
And 


* 
7 
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fad that notwithſtanding your keeping her ſo care. 
fully, as before directed, the Clammineſs of the Sca 
Air, does (as ſome ſuppoſe) retard her Motion, you may 
iſe means to quicken her Motion as much as to coun- 
terballance her Dullneſs occaſion'd by the Sea-Air, If 
any ſuch thing be, (Which J cannot believe, if ſhe b 
kept warm and dry, as beſore directed) and by this 
Means I do not Queſtion, but that this Method tor 
finding the Longitude might be render'd as eaſy aud 
racticable as the common Methods now in Ulie, tor 
fnding the Latitude by Obſervation, a Thing very de- 
firable, and therefore deſer ves to be encourage, and 
put in practice. t 

I know it is argued by Sailors, (and with good Rea- 
ſon too) that in Places near the Equinoctial, the Le- 
orees of Latitude and Longitude ars fo nearly equal, 
and that the Mercator's Chart and plain Chart ate fo 
much alike, that Longitude there need not bes much 
regarded; but the greateſt Neceſſity tor it, and Diffi- 
culty in attaining it, is in Places nearer the Pole, 
eſpecially above 0 Degrees of Latitude, where a De- 
oree of Lonzitude contains not hali ſo many Miles as 
a Degree of Latitude, which makes the Work more 
difficult. 

I anſwer, for the Encouragement of thoſe that would 
put in Practice what is here deliver d, that the nearer 
the Poles that you come, and conſequently, the leffer 
the Degrees of {Longitude are, the more practicable is 
this Method, and the leſs the Errors that can be fup- 
poled to be contracted ; for in a few Miles Welting or 
Faſting in Latitudes above 60, where the Degrees ot 
Longitude are not half ſo much as a Degree in the 
Equinoctial, you may much more ſenſibly and appa- 
rently diſcern your difference of Longitude there than 
nearer the Equinoctial. I have been my felt running, 
5 or 6 Knots due Weſt in Latitude 724. 30m. or there- 
abouts, (I do not exactly remember, but it was in Com- 
ing from Archangel, about the North Cape of Fin- 
mark, the Cape it ſelf lies in Latitude 714. 22m. and 
we did not make the Cape coming Home) and in 24 
Hours running, 1 conid very ſenfibly diſcern that we 
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had gained about half an Hour: So that when ml 
Glafſes were out for 12 a-Clock, (which we had fc 
merly experienced to be very right) it wanted abo 
half an Hour of 12 by the Sun, as near as I coy 
compute, having no Help but the Ship's Glaſſes 
compute it by: The Truth of which is alſo eviden 
for in Latitude 724. 30m. there is but about 18 Mil 
to a Degree, and if we run about 135 Miles that 2 
Hours, which might be done at the Rate aboveſaid, 
would anſwer exactly to 7d. —3om. of Longitude, which 
is juſt half an Hour in Time; and hence it is plai 
that the Differenee of Longitude by this Method 
more perceptible in great Latitudes than near the Equiif 
noctial. | 
And that the Errors here contracted are alſo leſs, 
as evident: For ſuppoſe your Watch to be wrong b 
4 Minutes of Time, this 4 Minutes, I confeſs, is a De 
gree of Longitude in all Latitudes, and in that Reſp 
the Error is equal in all Latitudes: But when the Lo 
gitude comes to be reduced to Miles, ſuch whereof 6 
makes a Degree of 2 great Circle upon the Earth, yo 
will find that a Degree at or near the Equinoctial, 
about Go Miles, and therefore an Error of 4 Minute 


in Time begets an Error of Go Miles near the Equinod! 


tial; but in Latitude 724. 30m. aforeſaid, - where ther- 
is but 18 miles to à Degree, an error of 4 Minutes off: 


Time begets an Error of but 18 Miles in Diſtance ; ar 
further North, where the attaining of Longitude 
yet more difficult, the Errors contracted by this Opeſ 
ration will conſequently be leſs, an Error of 6 League 
being as diſcernable in Latitude 724. 3om. as an Error of 
20 Leagues near the Equinoctial; ſo that although; 
Sailing near the Equinoctial is commonly reckone 
the eaſieſt in all other Caſes, vet by this Method the 
moſt difficult Caſes are become the moſt practicable and 


it as uſeful an Help for finding the Longitude as what 
has yet been offered, and may be very Aſſiſting in that 
aſeſul Subject, till (if poſſible) the defired CompleatmentÞ 
thereof be accompliſhed. 
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Of Aſtronomy. 

HAVE. in the former Part hercof, treat- 
ed upon the Projection of the Sphere, 
and Spherical 1 rigonometry r1pkt Any. 
led and Oblique, which may ſer ve as 2 
good Introduction to this Chapter; in 
which I ſhall lay down all chat Part of 


with conclude the whole. 
e. 


Plate 10. Figure 111. 

Aftronomical Dofrnitions. 
T ſhall bring the Definitions under theſe five Heads, 
I. Points, 2. Great Circles, 3. Leſſer Circles, 4. Arches 


0: Cir-les, 5. Angles. 
r. Points. 


The Zenith is the Point directly over our Heads as 
Z, and the Nadir is the Point oppoſite or directly under 
our Feet, as N. | 

The Poles of the Equator (commonly called the Poles 
of the World) are the North Pole I and the South Pole 
„ and the Poles of any great Circle is every Way go 
Degrees diſtant from it, ſo the Poles of the Ecliptic Æ C 


are in the Ponit c c,, &c. 
2. Great Circles. 


The Azimuths are great Circles, that interſect one 
another in the Zenith, and cut the Horizon at right 
Angles as Z © RN and Z dN. The 
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The Horizon is that great Circle, that divides tu. 
upper Hemiſphere from the lower, as iT; A, O, 25 

The Equator divides the North Hemiſphere fror 
the South as E, 2, — the Ecliptick cuts the 
F.quator at an Angle of 23 30, as AMC, the Prin: 
Vertical is the Fait and Weſt Azimuth, as Z 4 7 
The Mertdians are great Circles paſſing from 
Pole to Pole, as the Primitive EIS APG, or the 
Right Circle P 4 8, or the Oblique Circle PO, & 
The Meridians and Azimuths are infinite. 


3. Leſer Circles. 


Lefer Circles are commonly calied Parallel Cir. 
cles, becauſe they are generally Parallel to ſome greg 
Circle; thus the Parallel of Declination Oy s 
ſo called, becauſe it is Parallel to the Equino&ial ; 
from whence the Declination is reckoned either North 
or South The Trop'ek cf Cancer is a Paralle! 
of Declination 23 d. 30 min. diſtant. from the Equa- 
nor Northward, and the Tropick of Capricorn at the 
ſame Diſtance Southward from the Equator. 

The Parallels of Altitude (by ſome called Almi. 
canters) are leſſer Circles Parallel to the Horizon, a 
Oe. The Artick Circle is Parallel to the Equator, 
diſtant from it 65d. 50m. Northwards, and the An- 
rartick Circle is the fame Diſtance Southward from 
the Eguator. The two Poles of the Ecliptick arc 
in thefe two Circles. 

Note, Arches of lefle; Circles are never made part: 
of Triang les. 


. gre. * 
q. Arches of ovea?t Circcc; 


The Sun s Altitude is an Arch o an Azimut! 
comprehended between the Sun and the Fiorumon, as 
© HF. 

Sun's Azimuth is an Arch of the Horizon, that 15 
contain'd berween the Azimuth that the Sun is 1n, 


and the Meridian {North or South) thus HR is the 
When the Sun 1s 


Sun's Azimuth from the South 
Iny 
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any where in the Azimuth Z © N whatever his Alti- 
tude be. 

Sun's Amplitude is the Diſtance that the Sun rileth or 
ſets from the Eaſt or Weſt, or if you will from the North 
or South, and is an Arch of the Horizon contained 
between the Point where the Parallel of Leclination, 
that the Sun moves in, cuts the Horizon, and the 
Eaſt or Weit, North cr Scuth Point of the Horizon; 
thus when the Sun moves in the Parallel 2 0 /, 
it riſes at J, and the Arch 4d is the Sun's Ampli- 
mie from the Eaſt or Weſt, and the Arch 40 is 
the Amplitude from tke North. 

Note, The Sun's Amplitude is always of the ſame 
Denomination with the Declination, whether North 
or South. 

Right Aſcenſion is an Arch of the Equator con- 
ined between the Beginning of Aries and that Point 
of the Equator ' where the Sun's Meridian interſrcts it, 
3 AT is the Sun's Right Aſcenſion when it is 
ny where in the Meridian P O7 &; but in Aſtro» 
nomical Operation, the Diſtance between the ſaid In- 
terſection, and the neareſt Equinoctial Point is the 
Right Aſcenſion, and then it can never exceed go 
Degrees. 

Aſcenſional Difference, is an Arch of the Equator 
conta ined between that Point of the Equinoctial, that 
riſes with the Sun and that Point that comes to the 
Meridian with him; thus the Point A riſes with the 
dun; but the Point 2 comes to the Meridian, with him 
therefore An is the Aſcenſional Difference. 

Oblique Aſcenſion is an Arch of the Equator con- 
tained between the next Equinoctial Point, and that 
Point of the Equator that riſes wich the Sun, and is 
found by adding to the right Aſcenſion, or ſubſtracting 
from it the Aſcenſional Difference, the Sum or Remain- 
&r is the Oblique Aſcenfion required. 

Longitude of the Sun is the Sun's Diſtance from 
the neareſt Equinoctial Pola, accounted on the Eclip- 
tick thus, A © is the Sun's Longitude. 

| Decli. 
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Declination is an Arch of the Meridian contained 1, 
tween the Sun and the Equinoctial as © 2. 


Aug les. 


The Sun's greateſt Declination is the Angle that g. 
Ecliptick makes with the Equator, as TA©, and is xc. 
counted 234. 30m. 

The Hour of the Day is the Angle, that the Meridian 
of the Sun makes with the Meridian of the Place, thy 
the Angle A PO is the Hour that it wants of, or; 

rt 12, accounting 15/4. to an Hour, &c. 

The Sun's Azimuth is the Anale at Z, that is made 
between the Azimuth that the Sun 1s in, and the North 
and South Azimuth or Meridian of the Place, as thy 
Angle HZ R is reckon'd from the South; but K z 
is reckoned from the Eaſt or Weſt. 

The Sun's Amplitude is an Angle at Z, that the A. 
muth, that interſects the Horizon where the Sun's Par 
lel of Declination Interſects it makes with the Prime Ver. 
tical, if reckoned from the Eaſt or Weſt, as A Z d, 9. 
42 6 if, reckoned from the North. 

Theſe Angles may alſo be reckoned as Arches 0“ 
great Circles, as the Hour is an Arch of the Equ. 
tor, the Azimuth and Amplitude are Arches of the 
Horizon, Ec. 


Aſtronomy ReQangular. 


A Erboveb moſt of the neceffary Caſes in Aſtro 
= nomy may be repreſented by a Projection upo! 
the Plane of the Meridian, which to a great many 
Learners ſeems moiſt natural and intelligible ; ye 


there are ſome Caſes eſpecially in Oblique, that can- 
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not be projected upon that Plane in which Caſes take 
this general Rule. 

When there is given two Sides and an Angle, make 
z given fide upon the Primitive, and the given Angle 
at the Primitive; but if two Angles and a ſide be given, 
make both the Angles at the Primitive ; and then, it the 
ziren Side be contained between the given Angles, it 
will alſo fall upon the Primitive ; but if not, it falls with- 
in; but when three Sides, or three Angles are given it 
matters not which Circle you make Primitive, ſo it be 
generally one of thoſe great Circles, an Arch of which 
is a part of the Triangle, nor are you always obliged 
to have the given Triangle at the Primitive; but it may 
ſometimes be drawn within. 

There are 12 Signs in the Zodiack, their Names and 
Characters are as follow. 

Aries, & Taurus, T1 Gemini, S Cancer, & Leo, 
M Virgo, Libra, m Scorpio, 7 Sagitarius, v3 Capri- 
corn, Aquarius, c Piſces. 

Each Sign contains 30 Degrees, in all 360, the Num- 


ber of Degrees in every great Circle. 


Note, When it is not expreſs'd what Plane the Pro- 
jection is upon, it is always ſuppoſed upon the Plane 
of the Meridian. 

Note alſo, When any Problem is referr'd to, it means 
the Problems in Spherical Geometry, annsx'd to the 
Stereographick Projection of the Sphere. 


Problem 1. 
Plate 10. Figure 112. 


Given the Sun's Longitude and greateſt Declina- 
tion to find the preſent Declination. 

Sun's Place n 04. om. or Longitude from the beg in- 
ning of Y 60, greatcſt Declination 234. 30m. 

Draw the Primitive Hz O N, and croſs it with 
the Diameters Z N and HO, at Right Angles (which 
teing to be done in all Cates, 1 ſhall uſe the Con- 
traction PC; for draw the Primitive Circle and 


Yroſs it with two Diameters at right Angles) draw 


EC the Ecliptick at an Angle of 23. 30, at A by 
＋ | Prod, 
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Prob. 3, ſet the Longitude Go from A to © by prob. c 


and through O draw the Circle Z BN by Prob. 1. 


then is AB© the Triangle required. 


Here is given the Hypotenuſe 40, the Longitude 69 ,, 


and the Angle A the greateſt Declination 23 30, to fins 
the perpendicular B ©, the preſent Declination by Caſe : 


| As Rad. s — — — 10 00099 
To ſine of A © the Longitude 50 O—=9.937;3 
So fine of A the greateſt Dec. 23 599.6997, 


— — 


To ſine of B © the preſent Dec. — 20 129 82873 
Problem 2. 


Plate 10. Figure 112. 


Given a8 in Prob. 1 to find the right Aſcenfion AB, 
here 1s given the Hypotenuſe and an Angle to find the 
Leg adjacent to the given Angle by Caſe r. 


As Tang. Comp. A © the Longit.— 60 o—9. 7612 
To Rad. — — 1 0.00909 
So ſine Comp. A the greateſt Dec.——2z 30—9.9:40 


To Tang. A B the right Aſcenſion 7 49—10.:0595 
Problem 3. 
Plate 1o. Figure 112. 


Given the greateſt Declination 23 30, and preſent De- 
clination 20 12, to find the Longitude. 

PCY let X Abe the Equator, draw FC as in 
Prob. 1. for the Ecliptick, and at 20 12 the preſent De. 
clination, Diſtance from the Equator, draw the Parallel 


m © 2 by Prob. 4, and through the Point where it cuts 


the Eeliptick as in @ draw the Circle Z N by Prob. i ; 
then is 40 B the Triangle required. 

Here is given the Angle 4 and Leg oppoſite B 
© to find the Hypotenuſe 4 O, the Longitude by 
Caſe 12. 

As 


G1 


cenſic 


N A B. 
find the 


5.761 44 
. OO000 
. 96240 


a Fd 
* 9999 


nt De. 


28 in 
nt De. 
arallel 
it cuts 
ob. 1; 


ſite 8 
de dy 


As 
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As fine of A the greateſt Dec. 
To ſine of B © the preſent Dec. 


353 
23 ZO—==1,60070 
20 12——9.53819 


$ Rad. — — 10.00000 
To fine of 4 © the Longitude 60 © e 
Problem 4. 

Plate 10. Figure 112. 


Given the greateſt Neclination 23 30, and preſeat 
Declination 20 12, to find the right Aicenſion. 

Projected as in Prob. 3, being the ſame Data the An. 
ole 4 and Leg oppoſite B © are given, to find the other 
Leg AB by Cale 10. 


As Rad. _ — — — o. ooo 
To Tang. B © the preſent Dec. 20 12 9.56576 
So Tang. Comp. A greateſt Dec,—23 30 10.30179 


To fine AB right Aſcenſion 57 48 — 0, 


Problem 5. 
Flate 19. Figure 112. 


Given the greateſt Declination 23 30, and right Al- 
cenſion 37 48, to find the preſent Declination. 

C, and let Abe the Equator, and draw EC the 
Ecliptick to make an Angle of 23 30 the greateſt Decli- 
nation by Prob. 3, with the Equator ſet the right Aſcenſion 
57 48, from A upon the Equator to B by Prob. 5, and 
thro the Points Z N draw the Circle Z BN to cut the E- 
cliptick in the Point ©; then is ABO the Triangle required. 

Here is given the Angle 4 and Leg adjacent AB, to 
ind the Leg oppoſite B C, by Cale 7. 


u Tang. Comp. A greateſt Dec.——23 30— 10.3670 
To Rad ooomomm — — — 0.00000 


do fine 4 B right Aſcenſion. 57 48— 9.92747 


To Tang. B Q preſent ec 2— 9.56577 
: FFu?, 
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Problem 6. 


Plate to. Figure 112. 


Given the greateſt Declination 23 30, and the right 
| g 
Aſrention 57 48 to find the Longitude. 


Projecked as in Prob. g. 


Here is given the Angle 4 and Leg adjacent, AB 9 
find the Hypotenuſe A © by Caſe g. 


As Tang. AB right Aſcenſion 57 48— 0.2009, 


To Rad. — — — 10. ooo 
So ſine Comp. A greateſt Dec. 23 30— 9.90245 


To Tang. Comp. A © the Longitude=69 o 9.76153 
Problem 7. 
Plate 10. Figure 113. 


Given the Latitude of the Place 30 North, and Sun's 
Declination 20 North to find the Aſcenſional Difference. 


And alſo Sun riſe and ſet.!üũ Prob. 8 
Length of Day and Night. — — é— 
Zun's Amplitude. | — — [9 
What Hour Sun is due Eaſt or Weſt. —— — 11 
Sun's Altitude when Eaft or Weſt. — cums | 2 
Sun's Altitude at 6. — — — 13 
Sun's Azimuth at 6. — — 


P C 2 Set the Latitude 30 from O to P and 
from H to 5, and draw PS for the Axis of the 
World, and at right Angles thereto draw E 2 the 
Equator, and at an Angle of 23 30 therewith draw 
EC the Ecliptick; draw the Parallel @ Ode dr 
ſtant from the Equator 204. the given Declination to 
eut the Ecliptick in ©, and through © draw the Me- 
ridian PO, and the Azimuth Z ON; alſo through 
Where the Parallel of Declination cuts the Prime Ver- 


tical, draw the Meridian PbS, and through by, mM 
oin 


417 
ſettin 
No 


e rizht 
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point where the Parallel of Latitude cuts the Axis 
PS draw the Azimuth Ze N and through the Point 
where the ſaid Parallel cuts the Horizon as at d, draw 
the Meridian PAS and then in the Triangle 44h 
is given the Angle 4 the Comp. of Latitwie 40; 


and the Side % the Declination to find Ah the Aſc 
cenfional Difference by Caſe 10. 


As Rad. — — — — 


— 1o. oo 
To Tang. of Latitude 50 00 0.07018 
30 Tang. of d the Declin. 2 oo 0.56106 


— | — 


To ſine of Aſcentional Difference 25 42 9.63724 


Prob. 8. Plate 10. Fig. nr. 
To find by the Aſcentional Difference, what Time the Sun 
Riſes or Sets. 

The Aſcentional Difference converted into Time 
(allowing 15 Degrees to an Hour and one Degree 
to 4 Minutes of Time,) gives the Time that the Sun 
riſes before or ſets after 6 in the Summer, or riſcs 
after and ſets before 6 in the Winter; and at that 
Rate the Aſcentional Difference 25 42 makes x Hour 
43m. which added to 6 makes 7 Hours 43 m. the 
time of the Sun's ſetting in North Declination, or riſing 
in South Declination ; but ſubtracted from 6 it leaves 
417 the Time of Sun's rifing in North Declination, or 
ſetting in South, c. 

Note, Subtract the Sun's riſing from 12, the Re- 
mainder is the Setting. 


Prob. 9. Plate 10. Fig. 11}. 
To find the Length of the Day or Night. 


Double the Time of Sun's ſetting found by Prob. 8. it 
gives the length of the Night; and double the Time of 
oun's Riſing it gives the length of the Day: Thus 
When the Sun Riſes at 4 19, that doubled makes 
$34 the length of the Night; but the Setting -t the 
oo time 7 43 doubled is 15 26 the length of the 

IC 


Cc Prob, 


386 Of Aſtronomy, 


Problem 10. 
Plate 1o. Figure 113. 


To find the Sun's Amplitude. 


In the Triangle Ah4 is given the Angle 4, the 
Complement of Latitude, and Side h d the Deeclina. 
tion, to find 4d the Amplitude from the Eaſt or 
Weſt, by Caſe 12. 


As ſine 4 the Comp. Latitude(ꝗ e 10 09.8080; 


To fine of þ d the Declination 20 © 9.53405 
So Radiusk( xx [ i:mkkwyU k . — o oc 
— EY 


To fine of Ad the Amplitude — 329229. 72595 


Or the Amplitude from the North may be found 
in the Triangle 40 where is given dP the Com. 
plement of Declination 70 0; and O P the Latitude 
50 to find 4 O, by Caſe 6. 


50 0— 90.80; 
To Rad ocean — 1 0.00009 


80 ſine Comp. Pd the Comp. Declin. TO O———0.53405; 


To fine Comp. d O the Amplitude 57 5 l——.72503 


As fine Comp. PO the Latitude 


Preblem 11. 


Plate 10. Figure 113. 

Given the Latitude 5o 00 and Declination 20 oo to 
ind what time the Sun will be due Eaſt or Welt. 

In the Triangle Amb there is given m the Declina- 
tion, and the Angle A the Complement of Latitude to 
find m A the Hour from 6, by Caſe 10. 


As Rad. — —_—_—_ — es — — 10. oo 
| To Tang. m b the Declination 20 0020.506100 
29 Tang. Comp. A the Latitude 50 00 0.02381 


— — 


To fine 4m we Hour from G, — 17 474540) 
x 


J, the 
eclina. 
alt or 


$0807 
53405 
.00009 


— —— 


«72598 


found 
> Con. 
Atitude 


.80807 
.000095 


53405 


— — 


72503 


o to 


Jeclina- 
ude to 


00000 
56100 
02381 


— — 


48487 
Or 
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Or it may be done by the Quadrantal Triangle A P B 
the Side A P being a Quadrant, and the Angle Y the Hour 
from 6; and therein is given the Side Y the Complement 
of Declination 70 o, and the Angle þ A P the Comple- 
ment of Latitude 40 o to find ? P 4: And here omitting 


the Quadranta! Side A P, the Angle P is middle Part, and 


A and 6 P are Conjuncts therefore: 


46 — — ite, = —_—_— oo 
To Tang. A the Comp. Lat 49 00 NT 
So Tang. Comp. þ Þ ——— 70 oo. 9.867106 


To fine of P the Hour from G, —17 479.4847 
Problem 12. 
Plate to. Figure 113 
To fin! the Sun's Alltituſe at C. 


The Sun is in the Point c at 6 a Clock, and in the Tri- 
angle A i c there is given tke Angle A the Latitude, 
and the Hypotenuſe Ac the Declination to find i« 
fie Altitude at 6, by Caſe 2. 


Problem 15, 
Plate 10. Figure 113. 
To find the Sun's Azimuth at 6 @ Clock. 


This may be done either by the right Angled Triangle 
A 1c, where the Leg Az is the Azimuth at 6, or by the 
Quadrantal Triangle 4c 2; where the Angle Z is the 
nid Azimuth. I ſhall only Inſtance in the Quadrantal 
and leave the other Operations of this and the laſt Problem 
tor the Reader's Practice. 
There is given Ac the Declination, and the Angle Z 4c 
the Complement of Latitude to find A Z c the Azimuth at 6. 
Here 4 is middle Part, and the other two are Conjuncts 
therefore : 
Cc? Ay 


4 þ, 
N 
# "74 
. Nis 
; Pq) 
l 
7 * 

1 
ne 
1 85 

» 5 * 

n - 
7 
1 
T44 


wo 
* 
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As Tang. Comp. of Ac the Declination 20.0 10. 43893 
To Rad. — — — IO. ooo 


— 


To Tang. of Z the Azimuth 1310 FO TRIER 9.36914 
PFreblem 14. 
Plate 10. Figure 113. 


Given the Sun's Declination and Time of Riſes 
and ſetting to find the Amplitude. N 

Suppoſe the Sun riſe at 17m. paſt 4 in the Morning, hi 
Declination 204. North, I demand the Amplitude. 

In the Triangle 4 PO there is given the Angle P, the 
Hour paſt Midnizht 4 Hours 17m. or reduced to Time 
G4. 15m. and the Hypotenuſe 4 P the Complement of De. 
clination to find the Leg 4O, by Caſe 2. 


As Rad a — — 10.00009 
To ſine of 4 P the Comp. Declination — 70 o 9.97208 
So ſine of P. the Hour from Midnight — 64 15 9.95458 


To fine 40 the Amp. from North 57 49 0.92756 


Or it may be found by the Quadrantal Triangle 4d P 
in which is given the Angle P, the Hour of Sun's Riſing 
before 6; and 4 P the Complement of Declination to find 
A 4 the Amplitude from the Eaſt or Weſt. 

By a right Underſtanding of the Nature of Spherical 
Triangles, the Latitude at Sea may be often attain'd in an 
Afternoon or Evening, when you cannot have an Obſer- 
vation at Noon; as in the Triangle Aie, you may by 
having the Declination Ac and Amplitude 41 given, find 
the Latitude the Angle at A, or, in the Triangle 4 mb 
you may by having 45, the Sun's Altitude; when Eaſt 


or Weſt and mb the Declination given, find the Angle 4 


the Complement of Latitude, &c. but ſhall leaye this to 
the Reader's Induſtry, | 
i Prob. 


Riſing 
8, his 


P the 
Time 
21 De» 


20009 
07298 
05 458 


——— 


92750 


AdP 
Riſing 
to find 
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Problem rg. 

Plate 10. Figure 114. 

Given the Sun's Altitude, Declination and Latitude of 
the Place, to find the Azimuth. 

Latitude 54 40, Altitude 47 48, Declination 20 12. 

PCA, et the Latitude 54 40 from O to P and 
draw P S, and at right Angles therewith draw E 2; 
for the Equator draw the Parallel of Altitu!e c d 
at the given Altitude 47 48 above the Horizon, and 
alſo the Parallel of Declination @ ©: þ 20 12 from 
the Equator, and through the Intcrſetion of theſe 
Parallels draw the Azimuth Z ; and the Meri- 
dian PO by Prob. 1, and then by the 11 Ciſe of 
oblique Spherical Triangles. 


Comp. Latitude — E 5 


| 38. 20 
Comp. Altitude E E 42. 12 
Comp. Declination— — S7 69. 48 

Sum 147. 20 


58 um— 73. 40 
Side oppoſite to the required Angle Þ — 9. 48 


— -. ns , —- * | * — > F © : 
—__ ”——_—___ >, - Pa 2 þ "_ —_— 5% 
4 — F —— 4 * - DC. 4 a 9 — 2 — — 1 5 — : N — 9 — , * : = 
. - _ 9 - 4 p _ * 1 22 % * 
a * = * 1 "I py % > : \ 
« # * * — - 8 * 1 1 5 0 » - 3 —— 1 — 2 
a A. . 4 F - - 6 
> " | — — — «<1 
| ; —_— : #-- — ES 


„ 4 tn pe” oo» w@Iep Ate — 
+ 0 — * . 2 bd 

3. — 2 * —— - 
; - STA. 


Remains 3. 72 

Z P 35 20 Sine Co. Ar. 0.23782 
Z © 42 12 Sine Co. Ar. 0.17281 
Sum of the Sides 73 40 ſine — 9.9821 
Diff. 3 52 ſine — - — 8.888 
Sum 19.22 102 

Sum is fine Comp. of 65 53 - 9.01081 


Doubled is 131 50 the Azimuth required. 


Problem 16. 
Plate 10. Figure 115. 


Given the Altitude, Declination and Hour, to ſind the 


Azimuth. 


Altitude 47 48, Declination 20 12, the Hour or 


Angle at P 32 12. 


Ccy PC 2 


390 D Aſtronomy. 


PC and draw POS to make an Angle of 2 
12 with the Primitive by Prob. 3, and thereon 2 
off the Complement of Declination 69 48 from Þ 10 
by Prob. 5 ; alſo draw the Parallel Z à 5 c diſtant 
from © 42 12 the Complement of Altitude, and i 
will cut the Primitive in Z; then through Z @ and 
the oppoſite Point N draw the Oblique Circle Z S* 
and the Triangle Z PO is finiſhed, and by Sj. 


tion 7. 


Co. Ar. 
42 12— 0.17297 
— 12— 9.726062 
09 48— 9.9724 


487 — 0587185 


As ſine Canep. of Altitude Z © 
To fine of the Hour Z P 5 
So ſine Comp. Declination @ P 


Ta fine of the Azimuth © Z P 


But being obtuſe it muſt be ſubſtracted from 180 an] 
the Remainder 131 53 is the Azimuth required. 

The Truth of all your Calculations may be exa. 
mined and proved by Meaſuring the Side or Anele 
required by the Directions given, Prob. 6 and 7 o& 
Spherical Geometry, which would have been needleſ. 
to repeat in all the foregoing Operations, 


PROBLEM XVII. 
Plate 10. Figure 113 


Given the Latitude, Azimuth, and Hour to fad 
the Declination. 


Lende North, 54 49 to find the Sun's Dec. by 


Azimuth, 131 82 8 . 
Here the Perpendicular muſt fall upon the Side © Z, 


eontinued, which for Illuſtration I have annex'd to the 
Scheme; then in the Triangle ZeP, is given eZ P, 
48 8, and Z P, 35 20, to find Z Pe, ty Caſe the Third 
»f Right-angled Spherical Triangles. 


A 


As ] 
To | 
So 8 


To 


A8 8 
To- 
80 8 
To * 
8 7 


(liga 


Co. Ar, 


1 7281 
72662 
2.0724} 


0.87185 
80 and 


e exg. 
Anele 
d 7 of 
cedleſ; 
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as Tang. Comp. P Z e————-4 8 —9 5520 
To Radius off ffs 
So Sine Comp. Z. 35 20 —9.01158 


—_ 47 41 —9 7818 


To Tang. Comp. Z Pe. 
Then by Concluſion the Eighth. 


As Sine Comp. e ©,— —_ 7953 Co ar 0.75534 
To Tang. FZ; — 35 20 9. 85059 
So Sine Comp. eÞ 2.— 47 41 9.82816 


To Tang. PFS — 69 48 — 0.43409 


To Complement of Declination being C69 48, the Be- 
cliaacion required is 20 12. 


PROBLEM XVIII. 
Plate 10. Fi ure 113. 


Given the Azimuth, Hour, and Angle of Poſition, tg 
find the Latitude. 


Aimuth. . ———131 52 2 to find the Latitude by 


Hour,. = 32 12 
Angle of Poſition. wmm_—_—_Y7 I 9 ICaſe the Eleventh. 


Take the Complement of the greateſt Angle to 180, 
add that and the two lefer Angles together, and from 
the half Sum ſubſtract the Angle oppoſite to the Side 
required, and proceed as in Prob. 11, 


EXAMPLE, 


The greateſt Angle, 


Its Complement, * — 
Angle Z P ©, PEER 2 


Angle 2 © P, —— — —— 19 
C0 4 Sum, 


* K — 


e 


8 — . 
* — - 
- 
. Fa Py - - 
_ oy " 7 4 ” 
" - 1 

_ — — 2 

* * * 1 * — 2 „* 

— — FP ED, EE CR. —— 

x 
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Sum — — 107 39 
Half Sum, — —— — — 33 
Angle oppoſite to Side required, — — 2719 
F 
Remainder, — —— 26:39 
OZ P, Co ar — — 0.12801 
Z P ©, Co ar- — — 9.27337 
Halt Sum, 532 49·kkꝛů—¼eüp² qꝑꝗ.Zꝗꝓ̈yn 9.90699 | 
Remainder, = — — . 
— 
19.905802 
Sine Comp. 17.40 — — 2.07 


Doubled, 1s 35 20 the Latitude, or Side Z P required, 


Thus much for the Application of Oblique Spherical | 


Triangles in Queſtions of Aſtronomy. 


N. B. The Number 57.3 in Chop. G. Page 14r. bas its 


Authority from its being the Semidiameter of a Circle whoſe | 


Circumference 15 360 (the Degrees in @ great Circle) and 
conſequently may be applied otherways to finding Angles than 
in Degrees only: This I thought fit to diſcover left ſome 
Fampbleteering Navigator ſpould aſſert it to be @ fictitious 
end groun1leſs Number, but ſhall defer any further Account 
of the Reaſon of the Steps in the Operation le they ſhould 
catch it up and call it their own, as an Attempt was made 
aon my Method of finding the Longitude by à right Angled 
plain Triangle, Chap. G. Set?. 4. only I producel it in the 
ſrt Impreſſion of this Bock, which was Printed above ſeven 
Years before this uff ar, Author's Copy was writ. 
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4 TABLE of the Engliſh, Latin, Italian, 
of the Two and Thirty 


and Spaniſh Names, 
Points oi the Compaſs. 


— 


Latin 
Septen trio 
Hypaquilo 
Aquilo . 


Meſaquilo 
Fypocacias 
Ceſias 

Veſocæſias 


Subſolanus 
Yrewrus 
Enrus 
Meſeurus 
Netapeliot es 
Ely pophbænix 
Phoenix 
-Marſophenis 


Vote 
. tu 


Not alybicus 
eſatricus 
Africus 

Hy pafr 101 


2 epbyrus 


Ueſocorus 
Corus 

[51 Pee orus 
Borrolybicus 
21 yocirc ius 
Circius 


i ſocircius 


Joſol:bar.otus 


( 


| 


| Italian 


— — — 


Framont ang 


ramcontana Graco 


Borrapeliotes (xr 00 


4 d Greco Levante 
Levanio Greco 
4 d. Levante Greco 


Levante 

4 di Levan e Sirocco 
Levante Mn hf 
di Sirocco Levante 
Zrrocco 

4% Sirocco ft ro 
Oſtro Frceco 

+ ai Oſero Sirocco 


Iſtro 
4 4, Oftro Gartino 


Oro Garvino 


— — — . — 2. 


/ /y,clibanotusi4 di Garbin: Cſiro 


Garbino o L.beccio 

4 di Garbino Venente 
Ponente Garbino 

4 di Ponente Carbino 


Ponente 

4 di Ponente Maeſtro 
Ponente Mlaeſtro 

4 di Maeſt ro Ponente 
aeſero 

4 d: Haeſtro Framont 
Tramontana Maeſtro 


4 di Tramon Maeſtro 


— 1 
4 4 Jraniontana Greco Norte 


4 d Greco Tramontane 


ũ—œ—&— — — 


3 ——— 


panith 


Norte 

4 
Norte 4 a Nor "ef 
Nerd' Nerd e 
od ee 4a Norte 
Nord eſte 
Nord 4 al te 
Les Nord' 4 e 
Les 4 a Nordefte 


el. nn — — 


Leſte 
'L'efte 44 Srefte 
7 ae, awe 
oueſie 4 4 He 
Surſte 

Stele 4 al fur 
Fur Sue 

Sur 4 4 Sueſie 
Ster 

Sur 4 al Sudrsfte 

Sud Sudnueſe 

Sud I 44 val 
, et 

Lud Feſt 4 al Oe 
Ocfte Sud fee 
0.4 4 al dud, 72 


— — 


Oefſt 

Oeſt 4 al Nord Oe ſe 
Oeft Nord Ocſte 
Nord Oeſt 4 al Nort 
Nord Oefie 

Nord Ceſte 4 a Nor 
Nor Nor Oefee 

Nor 4 a Nove?fe 


— — — 


The Variation of the Compaſs, as I obterye];, 
in the Year 1718, Aboard of his Majeſty's Shiy ll 
the B7rjiewr, under the Command ol the Right 
Honourable Sir George Byng, Admiral of the ir 
Fleet. | 7. 
| Vi 
Variation 1 a 
Welt, , Vi 
Yn Bearing of Head-lanads, &c. rn 
DU M N. 
B _ I 
10 £1 Bo Eafterly. | 2 
$ 52 Cape Finiſter, E. N. E. 12 Leagues. 3 
8 Ott of Lisbon, within Sight of Land. 4 
8 55 St. Jago, N. E. 14 Leagues. 5 
8 45 Cape dt. Vary, N. N. F. 3 E. 5 Leagues. 6 
| 8 2 Cape St. Hary, N. N. WI Leagues. 5 
7 Before the Straits-Mourh, ſometimes without Sight 
Cot Land, we had by ſeveral good Obicrrations ? De. 9 
| grecs, or within half a Degree more or lets. = 
9 z Cape Palos, lo Leagues W S. W. * 
14 I Cabrera, (near Majorca) N. W $ Leagues 5 
14 52/Kafl Point of .!{ajorca, W. N. W. 6 Leagues. 22 
64 At Anchor, before Port- Va hon. 13 
10 54|Cape Tolar, FE. 4 S. 25 Leagnes by Eſtimation. | 14 
{15  16{Cape Carbonera, NW. I N. 5 Leagues. S 
13 44 ape Carlouera, W'. N. W. 9 OT 15 Leagues. oy 
[1 4 Cape Carbonera W. by S. II Leagues x 
[1 > 5|Serpentaria W. by S Cape Gomera, N. W. 
Ti 40% FEntring > aples Bay. * 
10 Fo tt of Palinura. 209 
| 12 21]}Stromtbelo, W. by S. one Leapne. 21 
l | 14 It1 ZO 3efore Syracr/e. | 22 
wlll | 11 45 Cape Taſſero, N. W. 4 Leagues. 23 
76 | | T 28j2etore Malta. | 24 
1 Upon the South Coat of Sich, it contigued be- 25 
* q 17 tucen 12 and 12 Degrees; but failing from Palernzotol | 26 
1 4 . Naples, it decicalcd 10 51, 46. as above olferved in Na- 27 
* 1 F dies uv. | | 28 
1 N. B. It may be thought ſurpriz ing, that to the 29 
_ Weſtward of Sardinia, there ſhould be lefs than 11 De- 30 
= Trees, and South Eaſt from it is above 17. There 18 7. 
: ſome Reaſon to believe, thut there are ſome Magueti 32 
al Rocks, in or near ther Hand winch may affect rhe} 33 
ompius; but we muſt leave that to Time and future] | 


Vorperience to determine. 


—— „„ oo C7 „ waz. — " 


- — —ä——é— — — 


——— —— — 


— 
m - =_ * _ — * — 
* - - — M4 * - 
— — — 2 5 oo ds 


ut Sight 
1s 5 De. 


r/prN10 to 
in Na- 


to the! 
ii De- 


There is 
lagneti 
fect the 
. future 


— ——ðkV —_ 


| 


ö 
i 


ö 


| 


A Table of Logarithnis 


For Numbers increaſing in their Natural Order, 

| from an Unit to 10,00. 

With a TAE LE of Artificial Sidrs, I ANCENTs, 

| and Srcavrs, the Rapivs 10,000000 3 and to e- 
very Degree and Minute of the ©1477 ant. 

N. Logar. TN. | Logar. | N Lobar.“ 
1 0.000000 34 1.531479 67 1.826075 
20301030 35 1.544908 Ec 1.832509 
3 [0-47 7121 36 [1-556302 69 1.838849 
4 g. = 37 5682 2 70 1.845598 
5 o. 698970 38 1.57984 711851258 
6 0.78151 30 91865 72 | 1.55" 352 
- | 0.945095 40 11.002000 131563343 
8 1995399 41 1.612784 7411 864232 
9 12 954242 2 11.623249 75 1.87561 
10 | 1-0©5CCO 43 1.633468 *6 | 1.55914, 
11 | 1-241393 44 643453 77 | 1.386401]. 

I2 1.272181 45 [1653212 78 1. 8%½95 

13 1.113943 46 1.602 558 7911.89 27 

| 14 1.146128 47 11.672 98 80 1 1.953290 

15 1.176891 | 48 | 1-651 241 81 1 1.925455 

16 | 1.204120 49 1.698196 82 11.91 3814 

17 230449 50 698975 831919578 

18 1255272 51 11707570 $4 1 929279 

19 1.278754 5. 146883 85 1.29419] 

20 1.301030 53 1.724276 86 11.534498 

21 1322219 54 | 1732594 [ B7 © 1979519 

22 1.342423 55 | 1742363 88 1.943483 

25 |1-361725 561748188 89 1.94939 

24 1.380211 57 1.755875 91.954242 

25 1.397940 58 1.763428 9111.959041 

26 1.414973 59 122882 2 Þ 1.962755 

27 [1-431364 Go | 1-7 79151 93 1.995453 

23 [1.447158 G1 | 1-755330 94 | 1.973125 

29 1 1.462398 62 1.792392 95 | 1977724 

301477121 63 1.799340 96 1.982271 

311491362 64 | 1 506180 97 | 1.956772 
2 | 1.505150 65 1812913 98 | 1.991226 
* 14 | 995635 

33 [2:518514 [| 66 (1.819544 [99 1 1.995635 | 
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| (8395 A Table ot Logarithms, 3 
Nn RR 1225 + IDF Num 
100 | 2.050507 2.500434 | 2.00868 | 2.001301 [2.001734 432 1100 |: 
| 101 | 2.054321 | 2.004751 | 2.065150 | 2.005699 2. 006038 428 1010 
102 | 2-2098620 {| 2-009626{ 2.009451 Þ 2.009576 [2.010300 | A 102 
103 2.012837 1 2.013680 | 2.014100 [2.014529 | gig 10 


2017868 2.918284 [2.215700 | 416 104 


105 2.921189 | 2 224603 | 2 022016 | 2.022428 [222841 41] MI 1155 | 
| 106 2255 2 025515 2.026124 | 2.026533 {2-026942 | 408 106 |. 
197 2.929384 1 2.a29-89 | 2.030195 | 2.039600 | 2.031004 | gay 107 
108 2.033424 2.033826 203427 2.034628 [2.0359:9] 25 105 | 
{109 12-937 426 | 2.037825] 2.038223 Þ 2.035620 [2939817 396 109 | 
; =. 110 (2-241393 241 757 | 2.042155 | 2.242575 1 393 110 
= 111 j2.045323 } 2-245714] 2.046195 3 e 1 | wh 
_ 1122.849218 2. 496. 949995 2.050380 2.959766 386 12 
45 113 2.05378 2.053463 2.953546 | 2.254232 2.054613 587 113 
1141288 2.57286 e 2.058046 4 379 114 
=_ 115 {2.262645 | 2.001075 | 2.061452 [2061829 2.562206 | 3-6 115 
's | | 1162.564458 | 2-264$32] 2.65226 | 2.065550 2.065953 3's 116 
i 1 11 2.968 186 } 2.068557 [2.068425 | 2.069298 LOS 2 117 
1 | 1182071882 [2.072250] 2.072617 | 2.572985 [2.973352 366 118 
_ 119 | 2.975547 [2-07 5912 [2-27 6276 | 2.076649 2. 77224] 36 119 
A 1 120 | 2.979151 [2.079543 [2.579924 2.059266 | 2 050626 360 120 
wh! 1 121 2 082585 [2.883144 2.553503 [2.883861 2.004419 357 121 
+4 | 22 | 2.286399 | 2-0567 16 2.8; 071 2.887426 077M | 35) — 
1 23 289905 | 2299258 e e e 56 Me 
= a) been bart thiol bio gy pace gc pee ed Be | | > 
= [125 | 2.996919} 2.297257 | 2.097604 2.097951 [98297 3 5 
=, 126 | 2102379 | 2-1007 15 | 2.101959 | 2.101493 14101747 | 345 * 
Hi: 127 | 2.103324 2.104 452104487 2.104828 [2105109 | 3 go? 


107888 2.108227 [2.108565 | 338 128 
129 | 2 110599] 2.110y26|2.111262|2.11159S [2111954] 35) 129 
130} 2.113943 [2.117277|2.114511 | 24114944 [2115270 | 333 30 
121 Diener 2.117924 [2.118265 [2.118595 33% 
132 | 2-120574 | 2-12$9\-3 | 2.121251 [2.121560 2.121988] 32) 135 
332.1238522 124178212454 2.124830 [2125159] 3%) 133 
234 | 2.127105 } 2.1274: 2.12775. [2.128076 2.128399] 323 Fe 
[155 | 2139334; 2 153-955] 2.150977 2431295 [2.131619 321 15 
139 13133539 | 2133553] 2.134177 | 2.134496 2.134914] 31] 103 
[157 2.130741 f2-137037 [2.137354 1]2-137675 [2.137957 } 31 
138 2-139879 12-149194 2.14050S 12.140822 2.141136! 314 12 
1392.143915 | 2 145327 2.143639 | 2.143951 2.144203} 305% 
149 [2.146128 2.146438 2.145748 |2 145058 | 2.14756 | 3% 0% 
141 [2 149219 | 2-149527 2 149835 5 2.150142 2.150449} 307 [741 | 
| 2.152288 2.152594k 2-1529y02 2.153225 2.153510 205 | {42 
g i 2222 — 


128 12.107210 2.157 549 


th 1 tb 
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| | 
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—— trom 1 to 10000. 

F TTT ͤ EBNTY OS 9 
34 0% 021% 2.002599 | 4903949 2. 934% | 2.003891 
38 42h 101 2.006366 2.008594 2.007321] 2.007748 2.808174 
09 425 102 j2.010724 |$-OMLIGT 12:011570 [2.011yggh] 2.012415 
20 gig 1032 014940 2-015 300 6037.79 20161981 2.916615 
oo 416 104 |2.019116 |2-019532 | 2-019947 2 020561 | 2025775 
41] at 125012232522 8236642824375 2.524486 524896 
42 go) 1062.027350 2.027757 [2.028164 | 2.028571] 2.525978 
04 424 102.3 1408 31812 2.032216 2032619} 2-332 
9] 42M 119» 2.035439 j 235833 2 036229 2.036629 2.237028 
1" 390 109 [2.039414 2.239911 [2.042207 | 2 04 6-21 2 4-098 
09 | 397) © [1102-043 362 [2243755 [2244148 | 2:24454- | 2+-44931 
95] 39 111 | 2-047 27 5 [2-947 664 | 2.940053 | 2.045442 2.48830 
6% 386 112128051152 2.551538 2.051924 | 2.752399 | 2582694 
13] 395 132554996 2.055378 [2-055760 | 2.956142 | 2.56524 
26] 37 114 | 2.955895 2.59185 2.059563 | 2.559942 | 2.262329 
96] 30 115 | 2.062582 |2 £62958 [2.563333 | 2063709 | 2.864083 
53] 3:2 116|2.066326 2.066699 2.967071 | 2.067443 | 267814 
68 2 11712070038 2.970497 2.07077 2.071145] 2-97 1514 
52] 366) us 073718 2.074955 [2 074451 | 2 748162975182 
24 | 36; 119 . 2.077731 | 2.270094 | 2.978457 | 2.878819 
26 265 120 2080087 2.081347 2.081707 | 2.082065 | 2.082426 
19 35; 121 | 2.984576 |2.084934 | 2-295 -91 | 2. 055647 | 2.950004 
SL] 355 1222.088136 2.085499 2.058845 | 2 8891982089552 
15 351 123 2.091667 [2.092019 2.092370 2.292721 2.093071 
20 349 124 2.095 1692.095518 2-2995896] 2.096215] 2 296562 
07 | 346] I [125 | 2.098644 |2-098990 | 2.099335 ] 2 099601 | 2 10522 
4 | 343] [126] 2-102090 [2.192434 | 2192777 [2-103119 2.103462 
09] 34 1272.105510 | 2.105551 | 2.106191 [2.126531 | 2100570 
65 3351 @ [128] 2.108g0g [2109241 | 2-109578 | 2.109916] 2.119255 
34] 335 129 2.112270 [2.112695 2.112940] 2-113275 | 2 115609 
79] 333 30 2.115610 [2.115943] 2 116276] 2.116628 | 2 116949 
v5 | 3391 [131] 2118926 [4119256 2119586211995 2.122245 
8S] 3251 [132] 2122216 |2-122543 | 2124571] 2 123195 2123525 
59] 325 3312.125481 425830 2.126151 125456! 2.12071 
99] 323 134 2 2.129945 d-C&9JE8 2.129690 | 2.130012 
191 321 135] 2131939 |2.132 60] 2 132509 f 4-1 32995 | 2-1 33-19 
14] 315] 1136] 2.135155 [2 135451 - 68 12.136385 £ 236023 
87 315 137 2-13: 35312 138618 | 2 . Gag 1 39249 | 2-139564 
36 310 3812.141451 2.14763 2.142076 2-1 142389 2142702 
63] 51211039] 21445 2.1 44885 2.145196 | 2.145597 [2.145816 
57 309 1452.146614 985 | 2.145294 | 2-145693 24511 
491 307 145 2145975042 151963 e 48, Lack Kone þ 1676 2-151992 | 
100 30% 423 ig f2rgging {2.15442 2428 2 157522 
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77 (358 A Table ot Logarithms, —! 
Num 0 I | 2 * 4 
143 275533615504 | 2-155943 | 215%½46 2.156549 
| | 144 [2.155362 2.159664 | 2.155965 | 2.159266 2.15956; 
145 12.161368 [2.161667 | 2.161967 2.162266 2.162564 
146| 2-164352 | 2.164650] 2.164947 2.165244 | 2.165541 
| 147 | 2.167317 [2.167613 | 2-167 999 2.165293 | 2.16$497 
14S | 2.170262 | 2.179555 2.170848 2.17114! 2.171434 
's 149 | 2.173186|2.17347$| 2-173768| 2.174269} 2.174351 
| | 159 | 2.176291 | 2.1763S1 | 2-176670| 2.176959 2.177248 
151121789 72.179264 2.139552 | 2-179839|] 2.182126 
| | 152 | 2.181844 | 2.182129 | 2.152415 2.182700] 2.182985 
175 2.184641 | 2.18497 5 [2.185259 2.485542 2.185825 
154 | 2.187521 | 2.187853 | 2.185584 | 2.188366 2.18864 
| 155] 2.190532 2.199912 2.190892 2.1911712.191451 
| | 156] 2.193125 | 2193493 | 2-1436$1 | 2-193959] 2.194257 
i 1571219595914 2196176 2.196452 | 2-1967 29] 2.197005 
158] 2.198657 | 2.198932 | 2.199296 2.199481 2.199755 
; 159 | 2.201357 | 2291670 | 2.201943 | 2-202216| 2.02488 
iF 160 | 2.254129 | 2.294391 | 2.204662 2.204933 2.205204 
©! 161 2.206$26 |} 2.257095 | 2.207365 | 2.297634] 2.207923 
1 | 162 | 2.209515 [2.209783 2.232251 | 2.2 10318 2.210586 
'F 1163 2.2121$$ [2.212454] 2.2122 2 212986] 2.213252 
' 164 2.214844 2.5109 2.2 55732215638 2225902 
ä 165 2.217494 2.217747] 20219210 2.218273 2.218533 
| | | 1166 2.225108 2.22037 2.222631 | 2.220892} 2.221153 
1 167 | 2.222716 2.222970 223236 2.223496 2.223755 
"Fl 168 2.225309 | 2.225568 2.225 26 2.226554 | 2.226342 
1 169] 2.22788; 2.228144] 2228400 2.228557 2228913 
bl | 170 | 2.230449 | 2-239704 | 2.232962 | 2-231215| 2 231472 
=! # :71 | 2-232996 | 2.233250] 2-253524 | 2-233757 | 2.234211 
| I 11721 2.35528 2.235781 2.236033 | 2.236255 2.236537 
4 | i [173] 2.238046 | 2.235297 2.238548 4 239799 2. 239049 
: 1 | 174 | 2.24749 | 2.240799 2.24148 2.241427 2.241546 
N Fi | 175 2.243038 2.243286 2.243 534 2.243782 2.244030 
1 1761 2.245513 | 2.245759 | 2.246006 2.246252 2.246499 | 
5 177712247973 | 2.248219 | 2.248464 2.248799 2.245954 
El! 178 2.250420 | 2.250564 | 2.252908 | 2.25i151 | 2.251395 
FE [179 2.252553 |2-253296 2.253335 |2-2535 2.253822 
1 12 2.255272 |2.255514 | 2.255755 | 2-255996 | 2-256257 
11 118712.257679 [2.257918 2.258158 02.258398 2.258637 
'4 | 1821 2.261071 [2.260310 2.260548 | 2.260787 | 2.261025 
FE 183 | 2.262451 | 2.262688 | 2.262925 | 2.263162 2.263399 
F | 184 2.264518 2.265954 2.265240 2.265525 2.265761 
1 | 185 | 2.267172 | 2.267456" 2.267641 | 2.267751 2.268110 1 2 
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6 
2457154 
2.160168 
2.165161 
2-166134 
2.169096 
2.172019 
174932 
177825 
183699 
193554 
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2.186108 
2.185925 
2.191750 


2.194514 


2.197281 


2.200029 
2.202761 
2205475 

208172 
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2.218798 
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137457 
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87 10 
211289 
214049 
2210094 
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2422228282 


2.234770 
22357299 
2.239800 
4.24229; 


2.259555 
2.261738 
2.264109 
2.266467 


2.268812 


( 309). | 
8 9 | Nif 
— 
2.157759 2.158061 392 
2.169769 | 2.161665] . 301 
2.163757 2.164253 299] 
2.169720 2.167822] 297 
2 169674 } 2-169965] 295 
2:15 2693] 2.172895 292 
2.175512 2175892] 291 
2.178401 2.178689] 289 
2.1812722.1815580 287 
184 2.18447] 285 
2.186950 2187239 283 
2.199--1 [2-199051 | 281 
2.192507 [2.192846] 29 
2.495346 2.155623 278 
2.198107 2.198382 470 
2.220850 [2.201124 2-4 
2.253575 [2203545 | 272 
2.256256 | 2-220556 | 271] 
2 20897S-| 229247 | 260 
2.211654 |=-2ity2t] 267 
2.2143142Z. 214579 266 
2.210957 2.217221 204 
2.219584 [2.219846] 262 
2. 2221962222450 261 
2. 224792222551 259 
2.227572 | ½22 30 250 
2.229435 {2-2355498 | 256 
2-232495 | -1232742} 254) 
2˙235023 223527 253 
24237543 ]- 257795] 251 
2.249050 | 2 24230 252 
2.42541 | =:242192] 249 
2.245519 2.245266] 248 
2.247482 24772 246 
2.249932 2259176] 245 
2.252307 ]2-252610] 243 
2.254790 |: 2555311 242 
2.257198 2 2574391 241 
2.259594 12259533 | 239 
2.261976] 2.262214 | 238 
2.264345 | 2265592 | 237 | 
2.2067 2.26093 35. 
2.269546 2.269279 2341 
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Al able of Logarithms, | 

2 } e — rr . 

— | 1 2 5 | e £34 Dif, vit 

um S 2 . — 

5 4 | 2... 6: -46 2.269980 270213 2.270440 253 780 

186 2.29951 2. 2874 2.22306 2.272538 [2.272770 232 1. 

= 2.2720 wi, cy / 5 . 2 | 

1857 Fn 11475 2 2-439 2.274620 2 74850 2.— pou - 359 153 

183 227417 N 1142.276921 | 3-27 7151 2.277380 122 199 

18y | 2.276462 2. En 279210 2.279459 | 4.279057 | 228 105 

: 27 YOSYH 22,1 WY 9 | © 5 

199 2˙2 877 2 2.281488 2.281715 2.281942 W 101 

191 * 144 | ee, 2283753 2.283979 2.284205 226 152 

6 „ $431 c08 22:82 | 2.286552 | 2.256252 | 2.86456 5272 Tk 

-$52 2.288025 12.288. E 5 1 

194 2.487802 2.2 av * 29245 * 22 9 2.290925 222 175 

1 FR 1442.20 2 —— ws — . — / 

195 — —. : j 9 26 2 29-20 2.<93 141 221 | 6 

| 196 13292256 2-2y247 6 Note = 2295127 [2.295347] 229 8 

4 197 2.294406 ; 2.214057 tend 4 af 5 a» 240 2.297542] 219 195 
| 8 246665 2.296884 2.297104 2.29 5729 My 8 | 119 

= 4.05 popcorn} e 2.299289 | :-299507 | 2.299725 | 21 270 
= Iy9 | 2.299%53 | PIP ** 2.521464 2.321681 [2.301898] 217 Bees 
. | 250 1 2.504039 8.38124. OOTY 2.553844 | 4.394259 | 216] 1 | 
8 201 | 2.323196 | 2.323412 [2.53362 n 306210] 215 0 
= 52 | 2.305351 2.305566 2.395781 | 2.395996 115 202 
; | ee Bax bi. e 2.307924 2.308137 [z. 383 4s . 03 
7 2032.307496 2.397710 [2.390792 p 2.3 104811 212 . 
2 | I | 2 5 3 8715 219056 2.310208 2. 3104 5811 
'F 224 e OY Rick, 51239 2.312600 211 664 

v Fa — wes 2.21 77412. 255 2 | 20 
| [ Sy dof 24 er ates a 2 x - 5 — 210 | #4 
| 1 f 867 2.314978 [2.314299 | 2 514409 Aut i Scary Shari 2 
129 | 2502.3 138 231287 0 —— 12 57685 209 ok | 
15 6281853 | 2.318272 | 2.518481 | 2.318689 231859 728 
55 20 --y 9. 2 8 / : 5 1 —6 22 29977 0, das] 
2.320146 2.320354 | 2.320562 | 2.320769 [2 3 6 229 

209 2.32 | 3 322632 2.322839 2.323046 20 - 
TTC cri 

324282 | 2.324458 | 2.324694 | 2.524899 2.325105 211 
211 | 2.324292 | 2.324488 | 2.324694 | 2.3 960954 us | 
3 2.526326 | 2.326541 2.326745 I» 326559 |2-327154 we 212 
Py 929 23 | 228 > 22 787 328991 2339194 we 2121 
213 2.329399 | 2.329505 | 2.3 23 222 2.331225 202 ” I | 
214 2-339414 | 2.330617 2330819 [2.331022 2.335246 202 1 
2.332438 2.332640 2.352842 | 2.53 733 1 215! 
1180 2234434 2.334655 2.334556 4 BEN, 25 216} 
217 2.3 3646 2.386665 2 220000. 2. 3 9680 — 4 7 
21 922 | 6a 5840 2. 102 39 1 19 2101 
2192304 nh #950 34008 > 23419 214 2.343212 197 KEE 

R 2 2212.342620 2.342817 343 8 n 122 
| 222 1 2 1 8 : 78 2.343981 2.345178 196 1421 
221 2544392 $:344599 1 2.344705 23 247 951] ll 

bend bay. 248520] 2.5 86 4 2.3 48889 2. 349083 223 

2232.3 48393 2.34 5592.348069 3 102 5 

b 4289 5 263 6 12 $0229 2.351023 93 224 

22423592481 2.352442 | 2.350 3 | 193' G 

$2 5 5055 2 352 5 88 2.2 527 61 2.352954 25 
225 12255 2.352375 [2.3 3 8761 192 | 
$| 2.354391 [2.354493 2.3 354634 2.354576 ; I $226: 
22 e ke! 5543 5 6790 191 f 
IE 356026] 2.356217 122255 2.356599 2.35 8656 190 27 
k. 22237228122 Err e 
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755 2 2. 81888542 518951 [2.87997 2.819083 2.819149% GG 6. 
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